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(54) UQUID EJECTION DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a liquid ejection device which can 
deal with a plurality of liquids having different physical properties, and can 
eject liquid drops under the optimum condition corresponding to purposes. 
SOLUTION: The liquid ejection device is provided with a weight 
measurement part 5 for measuring liquid drops by collecting the liquid 
drops ejected from an ejection head 1 and a weight computing part 13, a 
laser detection part 1 4 for measuring the flight speed of the liquid drops 
by detecting the liquid drops in flight at a detecting position P, and a flight 
speed computing part 1 7. A main control unit 1 9 adjusts the drive pulse 
waveform generated by a drive signal generation part 1 8 based on a 
difference between the flight speed of the liquid drops and the weight 
measured corresponding to the drive pulse of the standard waveform and 
the flight speed and the weight set as a target value. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the pressure room which was open for free passage to the nozzle orifice, and the 
pressure generating component which may make the liquid of this pressure interior of a room produce 
pressure fluctuation. The liquid of the pressure interior of a room by actuation of a pressure generating 
component The injection head in which the regurgitation is possible as a drop from a nozzle orifice, In 
the fluid injector which has a driving pulse generating means by which the driving pulse for supplying the 
flight characteristic of a drop to a measurable flight-characteristic measurement means and the above- 
mentioned pressure generating component can be generated, and a wave adjustment means by which 
the wave configuration of this driving pulse can be adjusted A drop weight measurement means to 
measure the weight of a drop because said flight-characteristic measurement means carries out uptake 
of the breathed-out drop, It has a flying-speed measurement means to measure the flying speed of a 
drop by detecting the drop under flight in a detection location. A wave adjustment means The fluid 
injector characterized by adjusting the wave of the driving pulse which a drive signal generation means 
generates based on the difference of the flying speed of a drop and weight which were measured 
corresponding to the driving pulse of a reference waveform, and the flying speed and weight which were 
set up as desired value. 

[Claim 2] Said drop weight measurement means is a fluid injector according to claim 1 characterized by 
computing the weight of one drop from the weight of two or more drops which carried out uptake. 
[Claim 3] Said flying-speed measurement means is a fluid injector according to claim 1 or 2 
characterized by to compute a flying speed based on the time of flight which was equipped with a time- 
of-flight measurement means measure the time of flight of the drop detected in the above-mentioned 
detection location based on the detecting signal from a drop, the laser light source which irradiates a 
laser beam possible [ a crossover ], the photo detector which can receive the laser beam from this laser 
light source, and a photo detector, and the time-of-flight measurement means measured. 
[Claim 4] Said pressure generating component is a fluid injector given in any of claim 1 to claim 3 
characterized by being the electric machine sensing element which can be changed in the volume of a 
pressure room they are. 

[Claim 5] The expansion element with which said driving pulse expands the pressure room of the 
stationary volume at the rate of extent which does not make a drop breathe out, It is the 1st driving 
pulse containing the expansion hold element holding the expansion condition of a pressure room, and the 
regurgitation element which makes a drop breathe out by shrinking rapidly the pressure room where the 
expansion condition was held. A wave adjustment means is a fluid injector according to claim 4 
characterized by adjusting the driver voltage from the maximum potential in the 1st driving pulse to the 
minimum potential. 

[Claim 6] Said driving pulse is the fluid injector according to claim 4 characterized by to adjust the 
middle potential corresponding to [ are the 1 st driving pulse containing the expansion element which 
expands the pressure room of the stationary volume at the rate of extent which does not make a drop 
breathe out, the expansion hold element holding the expansion condition of a pressure room, and the 
regurgitation element which make a drop breathe out by shrinking rapidly the pressure room where the 
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expansion condition was held, and ] the stationary volume in a wave adjustment means. 
[Claim 7] It is the fluid injector according to claim 4 characterized by for said driving pulse to be the 1st 
driving pulse containing the expansion element which expands the pressure room of the stationary 
volume at the rate of extent which does not make a drop breathe out, the expansion hold element 
holding the expansion condition of a pressure room, and the regurgitation element which make a drop 
breathe out by shrinking rapidly the pressure room where the expansion condition was held, and for a 
wave adjustment means to adjust the time-amount width of face of an expansion element. 
[Claim 8] It is the fluid injector according to claim 4 characterized by for said driving pulse to be the 1st 
driving pulse containing the expansion element which expands the pressure room of the stationary 
volume at the rate of extent which does not make a drop breathe out, the expansion hold element 
holding the expansion condition of a pressure room, and the regurgitation element which make a drop 
breathe out by shrinking rapidly the pressure room where the expansion condition was held, and for a 
wave adjustment means to adjust the time-amount width of face of an expansion hold element. 
[Claim 9] The 2nd expansion element which expands the pressure room of the stationary volume rapidly 
so that said driving pulse may draw a meniscus in a pressure room side greatly, It is the 2nd driving 
pulse containing the 2nd regurgitation element which makes a part for the core of the meniscus drawn 
with the 2nd expansion element by shrinking a pressure room breathe out as a drop. A wave adjustment 
means The fluid injector according to claim 4 characterized by adjusting the driver voltage from the 
maximum potential in the 2nd driving pulse to the minimum potential. 

[Claim 10] Said driving pulse is a fluid injector according to claim 4 characterized by to adjust the middle 
potential corresponding to [ are the 2nd driving pulse containing the 2nd expansion element which 
expands the pressure room of the stationary volume rapidly in order to draw a meniscus in a pressure 
room side greatly, and the 2nd regurgitation element which makes a part for the core of the meniscus 
drawn with the 2nd expansion element by shrinking a pressure room breathe out as a drop, and ] the 
stationary volume in a wave adjustment means. 

[Claim 11] It is the fluid injector according to claim 4 characterized by for said driving pulse to be the 
2nd driving pulse containing the 2nd expansion element which expands the pressure room of the 
stationary volume rapidly in order to draw a meniscus in a pressure room side greatly, and the 2nd 
regurgitation element which makes a part for the core of the meniscus drawn with the 2nd expansion 
element by shrinking a pressure room breathe out as a drop, and for a wave adjustment means to adjust 
the termination potential of the 2nd regurgitation element. 

[Claim 1 2] A fluid injector given in any of claim 1 to claim 1 1 characterized by enabling adjustment of 
the discharge quantity of a drop by constituting said driving pulse generating means possible 
[ generating of two or more driving pulses ] in a unit period, and carrying out adjustable [ of the number 
of supplies of the driving pulse to the pressure generating component per unit period ] they are. 
[Claim 13] A fluid injector given in any of claim 1 to claim 1 1 characterized by enabling adjustment of 
the discharge quantity of a drop by constituting the generating period of a driving pulse for said driving 
pulse generating means possible [ adjustable ], and carrying out adjustable [ of the supply period of the 
driving pulse to a pressure generating component ] they are. 

[Claim 14] A fluid injector given in any of claim 4 to claim 13 characterized by said electric machine 
sensing element being a piezoelectric transducer they are. 

[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fluid injector equipped with the injection head in 

which the regurgitation is possible by making a liquid into a drop. 

[0002] 

[Description of the Prior Art] The ink jet type recording device which records an image, an alphabetic 
character, etc. in the record paper is well known for carrying out the regurgitation of the liquid-like ink 
(liquid ink being called hereafter.) as an ink droplet from a recording head. This ink jet type recording 
device makes the liquid ink of the pressure interior of a room produce pressure fluctuation, and makes 
an ink droplet breathe out from the nozzle orifice which was open for free passage in the pressure room. 
Recently, the fluid injector which makes liquids other than liquid ink breathe out as a drop is developed 
as application of this ink jet type recording device. 

[0003] There is a general - purpose coater which applies to a kind of this fluid injector the various liquids 
with which physical properties differ on the surface of an object. This general-purpose coater is used as 
a filter manufacturing installation which manufactures the color filter for liquid crystal displays by 
applying each color material of R (red), G (Green), and B (blue) on the surface of a glass substrate, or it 
considers using as a liquid crystal injector which injects the liquid crystal of the specified quantity into 
the grid which constitutes a pixel in the production line of a liquid crystal display. Moreover, using as the 
coating equipment which forms a coating layer in a substrate front face for a general-purpose coater, 
the molding equipment which makes a solid object from making low melting point solder breathe out, the 
soldering equipment which does a soldering activity, or a culture apparatus which applies the culture 
medium of a fungus body is also considered. 

[0004] Moreover, as fluid injectors other than a general-purpose coater, there is an ink jet experimental 
device used for development of the component engineering etc. This ink jet experimental device is used 
in order to define the optimal regurgitation conditions for that liquid ink or to, devise the drive approach 
of changing the magnitude of a record dot etc., for example, at the time of development of new liquid ink. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the above-mentioned ink jet type recording 
device, the physical properties of the liquid ink used, for example, viscosity and surface tension, are 
decided beforehand. Moreover, the distance to an object is also beforehand decided from the objects 
(recording paper etc.) which carry out the regurgitation of the liquid ink, and a recording head. Therefore, 
the regurgitation conditions for making an ink droplet breathe out could be restricted, and this 
regurgitation condition did not need to be changed greatly. 

[0006] However, in the above-mentioned fluid injector, the physical properties of the liquid breathed out 
are variously different for every liquid. For example, it is greatly different about the viscosity and surface 
tension with the liquid crystal made to breathe out by the liquid crystal injector, and the low melting 
point solder made to breathe out with soldering equipment. And the regurgitation conditions searched 
for are also different for every equipment. For example, in a filter manufacturing installation, the impact 
location precision of a drop and the amount of a drop are asked for a high precision. On the other hand, 
with coating equipment, even if the front face of an object is a curve side, applying a drop certainly is 
called for. Therefore, sufficient engine performance as a fluid injector was not obtained only by applying 
the technique of an ink jet recording device. 
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[0007] This invention is made in view of such a situation, two or more kinds of liquids with which 
physical properties differ can be treated, and it aims at offering the fluid injector which can make a drop 
breathe out on the optimal regurgitation conditions according to an application. 
[0008] 

[Means for Solving the Problem] This invention is proposed in order to attain the above-mentioned 
purpose. A thing according to claim 1 It has the pressure room which was open for free passage to the 
nozzle orifice, and the pressure generating component which may make the liquid of this pressure 
interior of a room produce pressure fluctuation. The liquid of the pressure interior of a room by 
actuation of a pressure generating component The injection head in which the regurgitation is possible 
as a drop from a nozzle orifice, In the fluid injector which has a driving pulse generating means by which 
the driving pulse for supplying the flight characteristic of a drop to a measurable flight-characteristic 
measurement means and the above-mentioned pressure generating component can be generated, and a 
wave adjustment means by which the wave configuration of this driving pulse can be adjusted A drop 
weight measurement means to measure the weight of a drop because said flight-characteristic 
measurement means carries out uptake of the breathed-out drop, It has a flying-speed measurement 
means to measure the flying speed of a drop by detecting the drop under flight in a detection location. A 
wave adjustment means It is the fluid injector characterized by adjusting the wave of the driving pulse 
which a drive signal generation means generates based on the difference of the flying speed of a drop 
and weight which were measured corresponding to the driving pulse of a reference waveform, and the 
flying speed and weight which were set up as desired value. 

[0009] A thing according to claim 2 is a fluid injector according to claim 1 characterized by said drop 
weight measurement means computing the weight of one drop from the weight of two or more drops 
which carried out uptake. 

[0010] A thing according to claim 3 is the fluid injector according to claim 1 or 2 characterized by for 
said flying-speed measurement means to compute a flying speed based on the time of flight which was 
equipped with a time-of-flight measurement means measure the time of flight of the drop detected in 
the above-mentioned detection location based on the detecting signal from a drop, the laser light source 
which irradiates a laser beam possible [ a crossover ], the photo detector which can receive the laser 
beam from this laser light source, and a photo detector, and the time-ofHlight measurement means 
measured. 

[001 1] A thing according to claim 4 is a fluid injector given in any of claim 1 to claim 3 characterized by 
said pressure generating component being an electric machine sensing element which can be changed in 
the volume of a pressure room they are. 

[0012] A thing according to claim 5 said driving pulse The expansion element which expands the 
pressure room of the stationary volume at the rate of extent which does not make a drop breathe out, It 
is the 1st driving pulse containing the expansion hold element holding the expansion condition of a 
pressure room, and the regurgitation element which makes a drop breathe out by shrinking rapidly the 
pressure room where the expansion condition was held. A wave adjustment means is a fluid injector 
according to claim 4 characterized by adjusting the driver voltage from the maximum potential in the 1 st 
driving pulse to the minimum potential. 

[0013] A thing according to claim 6 said driving pulse The expansion element which expands the 
pressure room of the stationary volume at the rate of extent which does not make a drop breathe out, It 
is the 1st driving pulse containing the expansion hold element holding the expansion condition of a 
pressure room, and the regurgitation element which makes a drop breathe out by shrinking rapidly the 
pressure room where the expansion condition was held. A wave adjustment means is a fluid injector 
according to claim 4 characterized by adjusting the middle potential corresponding to the stationary 
volume. In addition, "middle potential" is potential which specifies the volume (stationary volume) of the 
pressure room in a steady state, and it is set up between the minimum potential and the maximum 
potential. 
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[0014] A thing according to claim 7 said driving pulse The expansion element which expands the 
pressure room of the stationary volume at the rate of extent which does not make a drop breathe out, It 
is the 1st driving pulse containing the expansion hold element holding the expansion condition of a 
pressure room, and the regurgitation element which makes a drop breathe out by shrinking rapidly the 
pressure room where the expansion condition was held. A wave adjustment means is a fluid injector 
according to claim 4 characterized by adjusting the time amount width of face of an expansion element. 
[0015] A thing according to claim 8 said driving pulse The expansion element which expands the 
pressure room of the stationary volume at the rate of extent which does not make a drop breathe out, It 
is the 1 st driving pulse containing the expansion hold element holding the expansion condition of a 
pressure room, and the regurgitation element which makes a drop breathe out by shrinking rapidly the 
pressure room where the expansion condition was held. A wave adjustment means is a fluid injector 
according to claim 4 characterized by adjusting the time amount width of face of an expansion hold 
element. 

[0016] A thing according to claim 9 said driving pulse The 2nd expansion element which expands the 
pressure room of the stationary volume rapidly in order to draw a meniscus in a pressure room side 
greatly, It is the 2nd driving pulse containing the 2nd regurgitation element which makes a part for the 
core of the meniscus drawn with the 2nd expansion element by shrinking a pressure room breathe out 
as a drop. A wave adjustment means It is the fluid injector according to claim 4 characterized by 
adjusting the driver voltage from the maximum potential in the 2nd driving pulse to the minimum 
potential. In addition, a "meniscus" is the free surface of the liquid exposed by the nozzle orifice. 
[0017] A thing according to claim 10 said driving pulse The 2nd expansion element which expands the 
pressure room of the stationary volume rapidly in order to draw a meniscus in a pressure room side 
greatly, It is the 2nd driving pulse containing the 2nd regurgitation element which makes a part for the 
core of the meniscus drawn with the 2nd expansion element by shrinking a pressure room breathe out 
as a drop. A wave adjustment means It is the fluid injector according to claim 4 characterized by 
adjusting the middle potential corresponding to the stationary volume. 

[0018] A thing according to claim 1 1 said driving pulse The 2nd expansion element which expands the 
pressure room of the stationary volume rapidly in order to draw a meniscus in a pressure room side 
greatly, It is the 2nd driving pulse containing the 2nd regurgitation element which makes a part for the 
core of the meniscus drawn with the 2nd expansion element by shrinking a pressure room breathe out 
as a drop, and a wave adjustment means is a fluid injector according to claim 4 characterized by 
adjusting the termination potential of the 2nd regurgitation element. 

[0019] A thing according to claim 12 is a fluid injector given in any of claim 1 to claim 1 1 characterized 
by enabling adjustment of the discharge quantity of a drop they are by constituting said driving pulse 
generating means possible [ generating of two or more driving pulses ] in a unit period, and carrying out 
adjustable [ of the number of supplies of the driving pulse to the pressure generating component per 
unit period ]. 

[0020] A thing according to claim 13 is a fluid injector given in any of claim 1 to claim 1 1 characterized 

by enabling adjustment of the discharge quantity of a drop they are by constituting the generating period 

of a driving pulse for said driving pulse generating means possible [ adjustable ], and carrying out 

adjustable [ of the supply period of the driving pulse to a pressure generating component ]. 

[0021] A thing according to claim 14 is a fluid injector given in any of claim 4 to claim 13 characterized 

by said electric machine sensing element being a piezoelectric transducer they are. 

[0022] 

[Embodiment of the Invention] Hereafter, the general-purpose coater which is a kind of a fluid injector 
about the gestalt of operation of this invention is mentioned as an example, and is explained. First, the 
basic configuration of a general-purpose coater is explained based on drawing 1 - drawing 4 . 
[0023] The general-purpose coater illustrated to drawing 1 a liquid The injection head 1 in which the 
regurgitation is possible in the state of a drop, The liquid reservoir section 2 which can store the liquid 
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supplied to the injection head 1, and the carriage motor 3 used as the driving source at the time of 
moving the injection head 1, The gravimetry section 4 which carries out uptake of the drop breathed out 
from the injection head 1 , and measures weight, It has the control unit 6 which controls electrically the 
laser detecting element 5 detectable in a detection location, and actuation of the injection head 1 for 
the drop under flight breathed out from the injection head 1, and the information input section 7 for 
inputting required information to a control unit 6. 

[0024] If a reservoir of a liquid is possible for the above-mentioned liquid reservoir section 2, it can take 
the configuration of arbitration. The liquid reservoir section 2 of this operation gestalt is equipped with 
the liquid pack 8 which enclosed in the container the liquid made to breathe out, and the maintenance 
case 9 which can contain this liquid pack 8, and is opening for free passage between the liquid packs 8 
and the injection heads 1 which were contained by the supply tube 10. For this reason, the class of 
liquid supplied to the injection head 1 is changeable by choosing suitably two or more kinds liquid pack 8 

from which the class of enclosed liquid differs, and containing in the maintenance case 9. Moreover, 
although the liquid supplied to the injection head 1 is made to suit as the above-mentioned supply tube 
10 and various things can be used, the tube made of resin which has the flexibility of a silicon tube etc. 
is used suitably, for example. Furthermore, the pressurization device (not shown) which pressurizes the 
liquid pack 8 from the outside of a pack is prepared in the maintenance case 9. If this pressurization 
device is operated, since the liquid stored by the liquid pack 8 will be pressurized, a liquid can be 
extruded to an injection head side. Thereby, a liquid can be certainly supplied to the injection head 1. 
[0025] The above-mentioned carriage motor 3 constitutes the scanner of the injection head 1 with a 
timing belt, a pulley (neither is illustrated), etc. The carriage motor 3 of this operation gestalt is 
constituted by the pulse motor, and it is moved, carrying out position control of the injection head 1 
according to the pulse (migration control information, DRV) supplied from a control unit 6. 
[0026] The above-mentioned gravimetry section 4 is a part of flight-characteristic measurement means 
in this invention, and constitutes a part of drop weight measurement means. The configuration of 
arbitration can be taken if this gravimetry section 4 has the measurable weight of a drop. It is the 
configuration which measures the weight of the drop by which was equipped with the uptake section 1 1 
in which uptake is possible, and uptake was carried out to this uptake section 1 1 in the drop with this 
operation gestalt. Uptake sheet 11a which a drop can permeate is attached in the above-mentioned 
uptake section 1 1 , and it constitutes so that the uptake of the drop breathed out from the injection 
head 1 can be carried out certainly. And in case the weight of a drop is measured, this uptake sheet 1 1a 
is made to counter the nozzle plate of the injection head 1, and is arranged. In this case, although the 
distance from the front face of the injection head 1 to an uptake sheet 11a front face can be suitably 
set up according to the range of a drop which can be flown, it is set as 2mm with this operation gestalt. 
[0027] By the way, the drop breathed out from the above-mentioned injection head 1 is **** small 
quantity whose one drop is several pico liter (pL) extent. For this reason, one drop of weight is also 
several nanogram (ng) extent, and it is difficult to measure weight for every drop. So, in case the weight 
of a drop is measured in the gravimetry section 4, he makes two or more drops breathe out from a 
nozzle orifice, and is trying to measure the weight. For example, the drop of 100,000 shots is made to 
breathe out from all nozzle orifice 12 — (to refer to drawing 2 ) belonging to one nozzle train, and the 
whole weight is measured. 

[0028] This gravimetry section 4 is connected as electrically as the weight calculation section 13 of a 
control unit 6. And the measurement result of drop weight is sent out to the weight calculation section 
13 as measurement information (WGT). This weight calculation section 13 functions as a drop weight 
measurement means of this invention with the gravimetry section 4, and it computes the weight per 
drop of a drop from the measurement information of drop weight so that it may mention later. If such an 
approach is taken, even if it is the drop of **** small quantity, weight can be measured in a high 
precision. 

[0029] The above-mentioned laser detecting element 5 is a part of flight-characteristic measurement 
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means in this invention, and constitutes a part of flying-speed measurement means. This laser detecting 
element 5 contains the laser photo detector 15 in which an output of the detecting signal (DTC) of 
predetermined level is possible according to the laser light source 14 and the light-receiving condition of 
a laser beam that a laser beam can be generated. This laser detecting element 5 is arranged so that the 
flight locus and laser beam of a drop may cross in the detection location P. For this reason, as for the 
detecting signal from the laser photo detector 15, a drop's passage of the detection location P changes 
level for the passage period of a drop. Therefore, passage of a drop can be recognized under supervising 
the level of this detecting signal. And the laser beam from the laser light source 14 is excellent in 
linearity, and the path of a beam of light can also extract it very thinly. For this reason, the drop of **** 
small quantity is certainly detectable. 

[0030] With this operation gestalt, the group of the laser light source 14 and the laser photo detector 15 
is made into 1 set, and it is arranging so that the direction of radiation (the direction of an optical axis) 
of a laser beam may become parallel to the both sides of the direction of a nozzle train, and the 
direction of a front face of a nozzle plate 1 6 (refer to drawing 2 ). Moreover, the above detection 
location P is between the injection head 1 and the gravimetry section 4, and is set from the nozzle 
orifice 12 (nozzle plate front face) to predetermined distance, for example, the location isolated 1mm. 
[0031] This laser detecting element 5 is used in case the flying speed of a drop is measured. For 
example, if elapsed time until this drop passes through the detection location P with the time as the 
starting point of a drop being breathed out from the injection head 1 is measured, the acquired elapsed 
time means the time of flight of a drop. In this case, since the distance from the nozzle orifice 12 to the 
detection location P is known, the flying speed of a drop is computable from time of flight. Calculation of 
this flying speed is made by the flying-speed calculation section 1 7 of a control unit 6 so that it may 
mention later. That is, this flying-speed calculation section 1 7 functions as a flying-speed measurement 
means of this invention with the laser detecting element 5. 

[0032] The above-mentioned information input section 7 functions as an information input means, and to 
a control unit 6, in case information, such as a flying speed of a drop and desired value of weight, is 
inputted, it is used. As long as this information input section 7 can input required information, it may be 
what kind of configuration. For example, a keyboard, a mouse, a touch panel, and a switch can be used. 
[0033] The above-mentioned control unit 6 is equipped with the drive signal generator 18 which 
generates the driving signal for supplying the injection head 1 , the main control section 1 9 constituted 
including CPU-ROM-RAM (neither is illustrated) etc., the flying-speed calculation section 17 which 
computes the flying speed of a drop based on the detecting signal from the laser photo detector 15, and 
the weight calculation section 1 3 which computes one drop of drop weight based on the measurement 
information from the gravimetry section 4. 

[0034] The drive signal generator 18 is a kind of the driving pulse generating means in this invention. 
The driving signal which this drive signal generator 18 generates is a signal shown in drawing 5 , and 
contains two or more driving pulses (PS1-PS3) for making the drop of the specified quantity breathe out 
from the nozzle orifice 12 of the injection head 1 in the injection period T. And the drive signal generator 
1 8 repeats this driving signal to every injection period T, and is generated. In addition, this driving signal 
is explained in detail later. 

[0035] The above-mentioned main control section 1 9 performs control in this general-purpose coater, 
generates injection data (SI) concerning [ for example, ] injection control of a drop, or generates the 
migration control information (DRV) for controlling the carriage motor 3. Moreover, the main control 
section 1 9 generates the signal for control of the injection head 1 (CK, Local Area Transport, CH), or 
generates the wave information (DAT) outputted to the drive signal generator 18. 

[0036] The above-mentioned injection data are data in which the injection quantity in whether a drop is 
injected and or not the case of injecting is shown, and are constituted from this operation gestalt by 2- 
bit data. This injection data divides the injection condition per unit field into four steps, and expresses it. 
For example, four steps of conditions, un-injecting [ which does not inject a drop ], the injection 1 which 
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injects a little drop, the injection 2 which injects the drop of the amount of inside, and the injection 3 
which injects a lot of drops, are expressed. And un-injecting is expressed by injection data (00) and 
injection 1 is expressed by injection data (01). Moreover, injection 2 is expressed by injection data (10) 
and injection 3 is expressed by injection data (11). 

[0037] The signal for control of the injection head 1 is constituted by the clock signal (CK) as for 
example, a clock of operation, the latch signal (Local Area Transport) which specifies the latch timing of 
injection data, and the channel signal (CH) which specifies the supply initiation timing of each driving 
pulse within a driving signal. Therefore, the main control section 1 9 outputs suitably these clock signals, 
a latch signal, and a channel signal to the injection head 1. 

[0038] Wave information (DAT) specifies the wave configuration of the driving signal which the drive 
signal generator 18 generates. That is, the drive signal generator 18 generates the driving signal (driving 
pulse) of the configuration defined for this wave information. And the main control section 19 adjusts 
the wave configuration of a driving pulse based on the weight information on the drop from the weight 
calculation section 13, the flying-speed information on the drop from the flying-speed calculation 
section 1 7, etc. so that it may mention later. That is, this main control section 1 9 functions also as a 
wave adjustment means of this invention. 

[0039] The flying-speed calculation section 1 7 constitutes a part of flying-speed measurement means of 
this invention, and functions also as a time-of-flight measurement means. 

[0040] With this operation gestalt, when the latch signal and channel signal from the main control 
section 1 9 are made into a trigger, a time check is started and the detecting signal from the laser 
detecting element 5 shows detection of a drop, a time check is ended and temporary time of flight is 
acquired (when there is level change). And time of flight is computed by subtracting amendment time 
amount from the acquired temporary time of flight. That is, when a drop is actually breathed out from a 
nozzle orifice 12 with the time of a latch signal and a channel signal being supplied, there is time 
difference, and this time difference is almost fixed. For this reason, the time difference from the supply 
initiation point in time of a latch signal etc. to the drop regurgitation is made into amendment time 
amount, and time of flight until the drop breathed out from the nozzle orifice 12 by subtracting from the 
above-mentioned temporary time of flight is detected by the laser detecting element 5 can be computed. 
[0041] Next, the flying-speed calculation section 17 computes a flying speed from the above-mentioned 
time of flight. That is, the division of the flight distance from the nozzle orifice 12 to the detection 
location P is done in the acquired time of flight. And the flying-speed calculation section 17 transmits 
the computed flying speed to the main control section 19 as flying-speed information. The main control 
section 19 memorizes the received flying-speed information to the storage region (rate information 
storage means) of RAM. 

[0042] As described above, the weight calculation section 1 3 constitutes a part of drop weight 
measurement means of this invention, and computes the weight per drop of a drop. 
[0043] With this operation gestalt, the measurement information before the regurgitation in front of the 
drop regurgitation and the after [ the regurgitation ] measurement information at the time of making the 
drop of the count of predetermined (for example, 1 00,000 shots) breathe out from each nozzle orifice 1 2 
are acquired first, respectively. Next, regurgitation AUW is computed by subtracting the measurement 
information before the regurgitation from after [ the regurgitation ] measurement information. One drop 
of weight is computed by spreading this regurgitation AUW and doing a division by the count of the 
regurgitation (namely, count of the nozzle numerical-aperture x regurgitation). For example, the count of 
the regurgitation of 50 pieces and one nozzle open taste considers [ a number ] the case of nozzle 
orifice 12 — where regurgitation AUW is 75mg, 100,000 times. In this case, since one drop of weight is 
computed by 75mg/(50x1 00,000), it serves as 15ng. 

[0044] And the weight calculation section 13 transmits the computed drop weight to the main control 
section 19 as weight information. The main control section 19 memorizes the received weight 
information to the storage region (weight information storage means) of RAM. 
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[0045] Next, the above-mentioned injection head 1 is explained to a detail. First, the structure of the 
injection head 1 is explained. 

[0046] The illustrated injection head 1 is equipped with the vibrator group 22 which formed two or more 
piezoelectric transducer 21 — in the shape of a ctenidium, the stationary plate 23 to which this vibrator 
group 22 is joined and the vibrator unit 25 which carried out unitization of the flexible cable 24 grade 
which supplies electric power to each piezoelectric transducer 21 — , the case 26 which can contain this 
vibrator unit 25, and the passage unit 27 joined to the apical surface of a case 26 as shown in drawing 2 . 
[0047] The above-mentioned piezoelectric transducer 21 is a kind of the pressure generating 
component of this invention, and is a kind of an electric machine sensing element (namely, electrical 
energy component convertible into kinetic energy). This piezoelectric transducer 21 is carved with a 
very thin width of face of 30 micrometers - about 100 micrometers in the shape of a ctenidium. The 
illustrated piezoelectric transducer 21 is a piezoelectric transducer of the laminating mold constituted 
by carrying out the laminating of a piezo electric crystal and the internal electrode by turns, and is the 
piezoelectric transducer 21 in the longitudinal-oscillation mode which can be expanded and contracted 
in the lengthwise direction which intersects perpendicularly in the direction of electric field. And a part 
for a end face flank is joined on the stationary plate 23, and each piezoelectric transducer 21 — is 
attached in the state of the cantilever which made the free edge project outside the edge of a 
stationary plate 23. Moreover, it is the side face of the vibrator group 22 of each piezoelectric 
transducer 21 — in which contact immobilization of the apical surface is carried out at the pars insularis 
28 of the passage unit 27, and the flexible cable 24 serves as the opposite side in a stationary plate 23, 
and connects with each piezoelectric transducer 21 — electrically. 

[0048] The passage unit 27 consists of arranging a nozzle plate 16 on one front face of the passage 
formation substrate 31 on both sides of the passage formation substrate 31 in between, arranging an 
elastic plate 32 on the front face of another side which serves as the opposite side in a nozzle plate 16, 
and carrying out a laminating, as shown in drawing 3 . 

[0049] A nozzle plate 16 is a thin plate made from stainless steel which established two or more nozzle 
orifice 12 — in the pitch corresponding to a dot formation consistency to seriate. 50 nozzle orifice 12 - 
- is installed successively in the pitch of 180dpi, and these nozzle orifice 12 — constitutes a nozzle 
train from this operation gestalt. 

[0050] The passage formation substrate 31 is the tabular member in which the hollow part used as the 
liquid feed hopper 34 and the common liquid room 35 was formed while forming the hollow part which is 
made to correspond to each nozzle orifice 12 — of a nozzle plate 1 6, and serves as the pressure room 
33. 

[0051] The pressure room 33 is ** long and slender in the direction which intersects perpendicularly to 
the successive installation direction (the direction of a nozzle train) of a nozzle orifice 12, and consists 
of flat alcoves divided in the weir section. And the liquid feed hopper 34 is formed in the form of a 
narrow segment with the narrow depth of this weir section. Moreover, it is made to penetrate in the 
direction of board thickness in the location most distant from the common liquid room 35 in the 
pressure room 33, and the nozzle free passage opening 36 which opens a nozzle orifice 12 and the 
pressure room 33 for free passage is formed in it. 

[0052] An elastic plate 32 is the dual structure which carried out the lamination of the resin films 38, 
such as PPS (polyphenylene sulfide), on the support plate 37 made from stainless steel. And etching 
processing of the support plate 37 of the part corresponding to the pressure room 33 is carried out 
annularly, and the pars insularis 28 is formed, the support plate 37 of the part corresponding to the 
common liquid room 35 is removed by etching processing, and it is made only the resin film 38. 
[0053] The charge and discharge of a piezoelectric transducer 21 are performed by the injection head 1 
which has the above-mentioned configuration by supplying alternatively the driving signal from the drive 
signal generator 18 to a piezoelectric transducer 21. And if a piezoelectric transducer 21 is discharged, a 
piezoelectric transducer 21 will develop to a vibrator longitudinal direction, and the pars insularis 28 will 
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be pressed at a nozzle plate 1 6 side. The resin film 38 which constitutes the diaphram section deforms 
by this, and the pressure room 33 contracts. On the other hand, if a piezoelectric transducer 21 is 
charged, a piezoelectric transducer 21 will be contracted to a vibrator longitudinal direction, and the 
pressure room 33 will expand with the elasticity of the resin film 38. And change can be given to the 
fluid pressure in the pressure room 33 by controlling expansion and contraction of the pressure room 33, 
and the regurgitation of the drop can be carried out from a nozzle orifice 1 2. 

[0054] Next, the electric configuration of this injection head 1 is explained. The shift registers 41 and 42 
with which, as for this injection head 1 , injection data are set as shown in drawing 4 , The latch circuits 
43 and 44 which latch the injection data set to shift registers 41 and 42, The decoder 45 which 
translates into pulse select data the injection data latched by latch circuits 43 and 44, It has the control 
logic 46 which outputs a timing signal, the level shifter 47 which functions as a voltage amplifier, the 
switching circuit 48 which controls supply of the driving signal over a piezoelectric transducer 21, and 
the piezoelectric transducer 21. 

[0055] Shift registers 41 and 42 consist of the 1st shift register 41 and the 2nd shift register 42. And 
the injection data of the lower bit (bit 0) about all nozzle orifice 12 — are set to the 1st shift register 41, 
and the injection data of the high order bit (bit 1) about all nozzle orifice 12 — are set to the 2nd shift 
register 42. 

[0056] Latch circuits 43 and 44 consist of the 1 st latch circuit 43 and the 2nd latch circuit 44. And the 
1st latch circuit 43 is electrically connected to the 1st shift register 41, and the 2nd latch circuit 44 is 
electrically connected to the 2nd shift register 42. Therefore, if a latch signal is inputted into these latch 
circuits 43 and 44, the 1 st latch circuit 43 latches the injection data of the lower bit set to the 1 st shift 
register 41 , and the 2nd latch circuit 44 latches the injection data of the high order bit set to the 2nd 
shift register 42. 

[0057] The injection data latched by each latch circuits 43 and 44 are inputted into a decoder 45. This 
decoder 45 functions as a pulse select data generation means, translates 2-bit injection data, and 
generates two or more bits pulse select data. With this operation gestalt, as shown in drawing 5 or 
drawing 1 2 , since the drive signal generator 1 8 generates the driving signal with which three driving 
pulses (PS1-PS3, PS4-PS6) were contained in the injection period T, a decoder 45 generates the pulse 
select data of a triplet. That is, the injection data (00) which do not inject a drop are translated, pulse 
select data (000) is generated, the injection data (01) which inject a little drop are translated, and pulse 
select data (010) is generated. Similarly the injection data (10) which inject the drop of the amount of 
inside are translated, pulse select data (101) is generated, the injection data (11) which inject a lot of 
drops are translated, and pulse select data (1 1 1) is generated. 

[0058] The control logic 46 generates a timing signal based on the latch signal (Local Area Transport) 
and channel signal (CH) from the main control section 1 9, and supplies this generated timing signal to a 
decoder 45. Namely, whenever the control logic 46 receives a latch signal and a channel signal, it 
generates a timing signal and supplies it to a decoder 45. And whenever a decoder 45 receives this 
timing signal, it inputs the pulse select data of a triplet into a level shifter 47 sequentially from a high- 
order-bit side. 

[0059] This level shifter 47 functions as a voltage amplifier, and when pulse select data is (1), it outputs 
the electrical signal by which the pressure up was carried out to the electrical potential difference which 
can drive a switching circuit 48, for example, the electrical potential difference of about dozens of volts. 
[0060] The pulse select data of (1) by which the pressure up was carried out by the level shifter 47 is 
supplied to a switching circuit 48. The driving signal (COM) from the drive signal generator 18 is supplied 
to the input side of this switching circuit 48, and the piezoelectric transducer 21 is connected to the 
output side of a switching circuit 48. Printing data control actuation of a switching circuit 48. For 
example, a driving signal is supplied to a piezoelectric transducer 21 during the period whose pulse 
select data which joins a switching circuit 48 is (1), and a piezoelectric transducer 21 deforms according 
to this driving signal. The electrical signal with which the pulse select data which joins a switching circuit 
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48 operates a switching circuit 48 from a level shifter 47 during the period of (0) on the other hand is 
not outputted, and a driving signal is not supplied to a piezoelectric transducer 21. In addition, since a 
piezoelectric transducer 21 is served like a capacitor, as for the potential of a piezoelectric transducer 
21, pulse select data continues holding the potential in front of cutoff during the period of (0). 
[0061] Next, injection control of the drop in this general-purpose coater is explained. 
[0062] First, the driving signal which the drive signal generator 18 generates is explained. The driving 
signal illustrated to drawing 5 is a standard driving signal in which the regurgitation [ the drop of 
comparatively many amounts ] is possible. This standard driving signal has generated each of these 
standard driving pulses PS1-PS3 for every predetermined spacing including three standard driving 
pulses (1st standard driving pulse PS1, 2nd standard driving pulse PS2, 3rd standard driving pulse PS3) 
in the injection period T. 

[0063] These standard driving pulses PS1-PS3 are kinds of the 1st driving pulse of this invention, and 
are constituted by the pulse signal of the wave configuration where all are the same. As shown in 
drawing 6 , namely, these standard driving pulses PS1-PS3 The expansion element P1 which raises 
potential with the fixed inclination of extent which does not make a drop breathe out from the middle 
potential VM to the maximum potential VH, The expansion hold element P2 which carries out 
predetermined time maintenance of the maximum potential VH, and the regurgitation element P3 to 
which potential is dropped by the steep slope from the maximum potential VH to the minimum potential 
VL, The contraction hold element P4 which carries out predetermined time maintenance of the minimum 
potential VL, and the vibration-deadening element P5 which raises potential from the minimum potential 
VL to the middle potential VM are included. In addition, the vibration-deadening element P5 is a kind of 
the 1 st return element, and returns the volume of the pressure room 33 to a steady state. 
[0064] If these standard driving pulses PS1-PS3 are supplied to a piezoelectric transducer 21, whenever 
each standard driving pulses PS1-PS3 are supplied, the drop of the specified quantity (for example, 
15ng(s)) will be breathed out from a nozzle orifice 12. 

[0065] That is, with supply of the expansion element PI, a piezoelectric transducer 21 contracts greatly 
and the pressure room 33 expands from the stationary volume corresponding to the middle potential VM 
to the maximum volume corresponding to the maximum potential VH. The inside of the pressure room 33 
is decompressed with this expansion, and the liquid of 35 of a common liquid room flows in the pressure 
room 33 through the liquid feed hopper 34. The expansion condition of this pressure room 33 continues, 
and is maintained at the days of supply of the expansion hold element P2. Then, the regurgitation 
element P3 is supplied, and a piezoelectric transducer 21 develops greatly and contracts the pressure 
room 33 rapidly to the minimum volume. With this contraction, the liquid in the pressure room 33 is 
pressurized and the drop of the specified quantity is breathed out from a nozzle orifice 12. Since the 
contraction hold element P4 is supplied following the regurgitation element P3, the contraction condition 
of the pressure room 33 is maintained. And in the contraction condition of the pressure room 33, a 
meniscus (free surface of the liquid exposed by the nozzle orifice 1 2) vibrates greatly in response to the 
effect of the regurgitation of a drop. Then, the vibration-deadening element P5 is supplied to the timing 
which can control vibration of a meniscus, and the pressure room 33 carries out an expansion return to 
the stationary volume. That is, that the fluid pressure in the pressure room 33 should be offset, the 
pressure room 33 is expanded and fluid pressure is decompressed. Thereby, vibration of a meniscus can 
be controlled in a short time, and the regurgitation of the following drop can be stabilized. 
[0066] And the injection quantity of a drop can be set up for every (every injection period T) unit field 
by changing the number of the standard driving pulses supplied within one injection period T. For 
example, the drop of 15ng(s) can be made to breathe out in a unit field by supplying only 2nd standard 
driving pulse PS2 in the injection period T at a piezoelectric transducer 21. Moreover, the drop of 
30ng(s) can be made to breathe out in a unit field by supplying 1st standard driving pulse PS1 and 3rd 
standard driving pulse PS3 in the injection period T at a piezoelectric transducer 21. Furthermore, the 
drop of 45ng(s) can be made to breathe out in a unit field by supplying each standard driving pulses 
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PS1-PS3 in the injection period T at a piezoelectric transducer 21. 

[0067] Injection control of this drop is performed based on the above-mentioned pulse select data. That 
is, when pulse select data is (000), also in any of T3 during the 3rd nascent state between [ T2 ] the 2nd 
nascent state corresponding to 2nd standard driving pulse PS2, and corresponding to 3rd standard 
driving pulse PS3, a switching circuit 48 is made into an OFF condition during [ T1 ] the 1st nascent 
state corresponding to 1st standard driving pulse PS1. For this reason, each standard driving pulses 
PS1-PS3 are not supplied to a piezoelectric transducer 21. And when pulse select data is (010), a 
switching circuit 48 will be in ON condition during [ T2 ] the 2nd nascent state, and a switching circuit 
48 will be in an OFF condition between [ T1 ] the 1st nascent state and in T3 during the 3rd nascent 
state. For this reason, only 2nd standard driving pulse PS2 is supplied to a piezoelectric transducer 21. 
Moreover, when pulse select data is (101), between [ T1 ] the 1st nascent state and in T3 during the 3rd 
nascent state, a switching circuit 48 will be in ON condition, and a switching circuit 48 will be in an OFF 
condition during [ T2 ] the 2nd nascent state. For this reason, 1st standard driving pulse PS1 and 3rd 
standard driving pulse PS3 are supplied to a piezoelectric transducer 21. Similarly, when pulse select 
data is (111), in each period of between [ T1 ] the 1st nascent state - T3 during the 3rd nascent state, 
a switching circuit 48 will be in ON condition, and each standard driving pulses PS1-PS3 will be supplied 
to a piezoelectric transducer 21. 

[0068] By the way, in this kind of general-purpose coater, the optimal regurgitation conditions of a drop, 
for example, the amount and flying speed of a drop, change by the application. 

[0069] For example, the physical properties of the liquid made to breathe out with this general-purpose 
coater, for example, surface tension and viscosity, vary with that application. For example, liquefied color 
material is made to breathe out as a liquid in the case of the filter manufacturing installation which 
manufactures a color filter by forming a pixel on the surface of a glass substrate. Moreover, coating 
liquid is made to breathe out as a liquid in the case of the coating equipment which forms a coating layer 
in a substrate front face. And physical properties of coating liquid [ the liquefied color material used by 
the filter manufacturing installation and ] used with coating equipment do not necessarily correspond. 
For this reason, the adjustment doubled with the physical properties of a used solution object is needed. 
[0070] Moreover, when in the case of a filter manufacturing installation color material is made to breathe 
out and Myst arises, there is a possibility that this Myst may mix in a neighboring grid field. And if Myst 
mixes in other grid fields, the color of the pixel in this grid field will shift. For this reason, it is necessary 
to make the drop of the exact amount which is a low speed comparatively which Myst cannot generate 
easily breathe out in a filter manufacturing installation. 

[0071] Moreover, in the case of coating equipment, it is necessary to set the regurgitation conditions of 
a drop that the thickness of a coating layer becomes homogeneity. In this coating equipment, with a flat 
surface, a substrate front face is not restricted but also has the case of a curve side. For example, the 
front face of the lens for glasses is a curve side, and is the case where it is said that he wants to form a 
coating layer in this curve front face. In this case, when flying speeds run short, there is a possibility 
that a drop may not arrive to a substrate front face, and it will become causes, such as nonuniformity. 
For this reason, the range of the distance which can be applied needs to make the comparatively large 
drop of a comparatively high-speed and exact amount breathe out in coating equipment. 
[0072] Paying attention to the above point, with this operation gestalt, the above-mentioned main 
control section 19 is operated as a wave adjustment means of this invention, and the wave configuration 
of each standard driving pulses PS1-PS3 is adjusted based on the weight information from the weight 
calculation section 13, the flying-speed information from the flying-speed calculation section 17, etc. 
That is, adjustment of the injection quantity in a unit field is mainly performed with the number of 
supplies to the piezoelectric transducer 21 of each standard driving pulse, and adjustment of the 
injection property of a drop and adjustment of minute discharge quantity are performed by setup of a 
wave configuration. By this, while being able to expand the adjustment width of face of the injection 
quantity, improvement in precision of the injection quantity can be aimed at, and optimization of an 



- 13 - 



injection property can also be attained further. Hereafter, adjustment of the wave configuration by the 
main control section 1 9 is explained. 

[0073] First, based on drawing 7 , the relation between the driver voltage (potential difference from the 
maximum potential VH to the minimum potential VL) of each standard driving pulses PS1-PS3 and the 
regurgitation property of a drop is explained. 

[0074] Here, drawing 7 is change of the regurgitation property at the time of adjusting driver voltage, (a) 
shows change of the flying speed of the drop at the time of changing driver voltage, and (b) shows 
change of the weight of the drop at the time of changing driver voltage. In addition, in setting up driver 
voltage, the minimum potential VL and the time amount width of face of each wave element (P1-P5) 
were not changed, but changed the maximum potential VH. Moreover, the middle potential VM was made 
to correspond to driver voltage, and was changed. Moreover, in drawing 7 (a), the continuous line which 
attached the black dot shows the Maine drop, and the dotted line which attached the white round head 
shows a satellite drop (drop which flies along with the Maine drop). Moreover, the alternate long and 
short dash line which attached the trigonum shows the 2nd satellite drop (drop which flies along with a 
satellite drop). 

[0075] It can be said that the magnitude of driver voltage, and the flying speed and weight of a drop 
have the relation of direct proportion (a multiplier is forward) mutually so that this drawing 7 may show. 
That is, if driver voltage is enlarged, the flying speed of a drop will become quick and will also put on the 
weight of a drop (that is, the discharge quantity of a drop increases). For example, when driver voltage is 
20V, the flying speeds of the Maine dot are about 3 m/s, and weight is about 9 ng(s). Moreover, when 
driver voltage is 29V, flying speeds are about 7 m/s and weight is about 1 5.5 ng(s). Furthermore, when 
driver voltage is 35V, flying speeds are about 10 m/s and weight is about 20.5 ng(s). 
[0076] This is considered because the change width of face of the volume of the pressure room 33 
changed by the change in driver voltage. That is, if driver voltage is raised rather than the electrical 
potential difference of criteria, a volume difference with the time of expansion and contraction will 
become larger than a base period. For this reason, many liquids can be eliminated out of the pressure 
room 33, and regurgitation weight increases. Moreover, since the time amount width of face of the 
regurgitation element P3 does not change, the contraction rate of the pressure room 33 at the time of 
the drop regurgitation increases, and it can carry out the regurgitation of the drop at high speed. On the 
contrary, if driver voltage is set up low, a volume difference with the time of expansion and contraction 
will become smaller than a base period. For this reason, the amount of the liquid eliminated out of the 
pressure room 33 decreases, and regurgitation weight becomes less. Moreover, since the contraction 
rate of the pressure room 33 also becomes low, the flying speed of a drop also becomes low. 
[0077] In addition, if drawing 7 (a) is seen and driver voltage will become more than 26V, a drop will be 
divided into the Maine drop and a satellite drop, and will fly. Furthermore, if driver voltage becomes more 
than 32V, in addition to the above-mentioned satellite drop, the 2nd satellite drop will appear. 
[0078] The flying speed of these satellite drops and the 2nd satellite drop seldom receives effect in the 
magnitude of driver voltage in the measuring range of drawing 7 (a). For example, the flying speeds of a 
satellite drop are about 5 m/s, when driver voltage is set as 26V, and when driver voltage is set as 29V 
and 32V, they are about 4 m/s. Furthermore, if driver voltage is set as 35V, it will become about 6 m/s. 
All that spread abbreviation etc. about the 2nd satellite drop when driver voltage is set as 32V and 35V 
are about 4 m/s. 

[0079] As mentioned above, a setup of driver voltage shows that the flying speed and weight of the drop 
which carries out the regurgitation can be fluctuated to coincidence. Moreover, it also turns out that 
generating of a satellite drop or the 2nd satellite drop is controllable. 

[0080] Next, the relation between the middle potential VM of each standard driving pulses PS1-PS3 and 
the regurgitation property of a drop is explained. 

[0081] As described above, this middle potential VM specifies the stationary volume of the pressure 
room 33. And since the above-mentioned piezoelectric transducer 21 is contracted with the rise 



-14- 



(charge) of potential, the pressure room 33 is expanded, it elongates with descent (discharge) of 
potential and the pressure room 33 is shrunk, if the middle potential VM is highly set up rather than 
criteria, the stationary volume will expand rather than a floor area standard (volume of the pressure 
room 33 corresponding to the middle potential VM of criteria). On the other hand, if the middle potential 
VM is low set up rather than criteria, the stationary volume will be contracted rather than a floor area 
standard. 

[0082] Here, when the middle potential VM is changed, the maximum potential VH becomes the same 
the modification front of the middle potential VM, and after modification. For this reason, if the middle 
potential VM is set up more highly than criteria, the potential difference from the middle potential VM to 
the maximum potential VH will become small, and the expansion space's of the pressure room 33 will 
become less than the case where it is set as the middle potential VM of criteria. On the other hand, if 
the middle potential VM is set up lower than criteria, it will become large and the expansion space of the 
pressure room 33 will also increase more than the case where the potential difference from the middle 
potential VM to the maximum potential VH sets it as the middle potential VM of criteria. This expansion 
space specifies the inflow of the liquid into the pressure room 33. That is, if there are more expansion 
spaces than criteria, the amount of the liquid which flows in the pressure room 33 from the common 
liquid room 35 will increase more than the amount of criteria, and if there are few expansion spaces than 
criteria, the amount of the liquid which flows in the pressure room 33 from the common liquid room 35 
will become less than a basis. 

[0083] Moreover, when the middle potential VM is changed, the time amount width of face (supply time 
amount) of the expansion element P1 is also before and after modification of the middle potential VM, 
and becomes the same. For this reason, if the middle potential VM is highly set up rather than criteria, 
when the expansion element P1 is supplied to a piezoelectric transducer 21, the expansion rate of the 
pressure room 33 will become slow. On the other hand, if the middle potential VM is low set up rather 
than criteria, the expansion rate of the pressure room 33 will become quick. 

[0084] The expansion space of the pressure room 33 affects the fluid pressure in the pressure room 33 
immediately after supply of the expansion element PI. That is, since the fluid pressure in the pressure 
room 33 is still close to the pressure of a steady state immediately after supply of the expansion 
element PI, there is little inflow of a liquid and it is [ an inflow rate also becomes slow and ] small, if 
there are few expansion spaces. [ of pressure vibration of the liquid in the pressure room 33 ] If there 
are many expansion spaces, since the fluid pressure in the pressure room 33 will decline greatly 
immediately after supply of the expansion element P1 on the contrary, while the inflow of a liquid 
increases, an inflow rate becomes quick, and pressure vibration of the liquid in the pressure room 33 
becomes large. If the regurgitation element P3 is supplied according to the timing from which this 
pressure vibration becomes positive pressure and the pressure room 33 is shrunk, even if the potential 
difference and the inclination of the regurgitation element P3 are the same, the flying speed of a drop 
can be made high, and the weight of a drop can be increased. 

[0085] In this case, a flying speed changes comparatively a lot to change of the middle potential VM. On 
the other hand, the weight of a drop has the comparatively small change to change of the middle 
potential VM. This is considered because the weight of a drop is mainly specified by the driver voltage of 
contraction (potential difference of the regurgitation element P3), i.e., the amount of the pressure room 
33. Therefore, the weight of a drop is changeable by setting up suitably combining the above-mentioned 
driver voltage and the middle potential VM, keeping the flying speed of a drop constant. 
[0086] For example, when the flying speed of a drop is set as 7 m/s, the relation between driver voltage 
and the middle potential VM, and the weight of a drop comes to be shown in drawing 8 (a). This drawing 
8 (a) shows that the regurgitation of the drop of about 16.5 ng(s) can be carried out, when driver voltage 
is set as 31.5V and the middle potential VM is set, respectively to 20% of driver voltage (from the 
minimum potential VL to 6.3 [ that is, ] V high potential). Moreover, when driver voltage is set as 29.7V 
and the middle potential VM is set to 40% of driver voltage, respectively, it turns out that the 
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regurgitation of the drop of about 15.3 ng(s) can be carried out. Furthermore, when driver voltage is set 
as 28.0V and the middle potential VM is set to 60% of driver voltage, respectively, it turns out that the 
regurgitation of the drop of about 1 3.6 ng(s) can be carried out. 

[0087] Moreover, the flying speed of a drop is also changeable, keeping the weight of a drop constant by 
setting up driver voltage and the middle potential VM suitably. 

[0088] For example, when the weight of a drop is set as 1 5ng(s), the relation between driver voltage and 
the middle potential VM, and the flying speed of a drop comes to be shown in drawing 8 (b). This drawing 
8 (b) shows that the flying speed of a drop can be set as about 6.1 m/s, when driver voltage is set as 
29.2V and the middle potential VM is set, respectively to 20% of driver voltage (from the minimum 
potential VL to 5.9 [ that is, ] V high potential). Moreover, when driver voltage is set as 29.0V and the 
middle potential VM is set to 40% of driver voltage, respectively, it turns out that the flying speed of a 
drop can be set as about 6.8 m/s. Furthermore, when driver voltage is set as 30.6V and the middle 
potential VM is set to 60% of driver voltage, respectively, it turns out that the flying speed of a drop can 
be set as about 8.1 m/s. 

[0089] Next, the relation between the time amount width of face (Pwc1) of the expansion element P1 of 
each standard driving pulses PS1-PS3 and the regurgitation property of a drop is explained. 
[0090] The time amount width of face of this expansion element P1 specifies the expansion rate from 
the stationary volume to the maximum volume of the pressure room 33. And if the start edge potential 
of the expansion element P1 is set to the middle potential VM and termination potential is set to the 
maximum potential VH, respectively irrespective of the time amount width of face of the expansion 
element P1, rather than criteria, by setting up time amount width of face short, the inclination of the 
expansion element P1 will become steep, and the expansion rate of the pressure room 33 will become 
quicker than criteria. On the other hand, if time amount width of face is set up for a long time rather 
than criteria, the inclination of the expansion element P1 will become loose, and the expansion rate of 
the pressure room 33 will become slower than criteria. 

[0091] The difference in this expansion rate affects the fluid pressure in the pressure room 33 
immediately after supply of the expansion element PI. That is, if an expansion rate is slower than 
criteria, immediately after supply of the expansion element P1, fluctuation of fluid pressure will become 
small and the inflow rate into the pressure room 33 of a liquid will also become slow. On the other hand, 
if an expansion rate is quicker than criteria, immediately after supply of the expansion element P1, the 
fluid pressure in the pressure room 33 declines greatly, pressure vibration will become large and the 
inflow rate into the pressure room 33 of a liquid will also become quick. Therefore, if the regurgitation 
element P3 is supplied according to the timing from which this pressure vibration becomes positive 
pressure and the pressure room 33 is shrunk, even if the potential difference and the inclination of the 
regurgitation element P3 are the same, the flying speed of a drop can be made high, and the weight of a 
drop can be increased. 

[0092] In addition, also in this case, like the case of the middle potential VM, although a flying speed 
changes comparatively a lot to change of the time amount width of face of the expansion element P1, 
the variation to change of the time amount width of face of the expansion element P1 is comparatively 
small [ the weight of a drop ]. Therefore, the weight of a drop is changeable, keeping the flying speed of 
a drop constant by setting up suitably the above-mentioned driver voltage and the time amount width of 
face of the expansion element P1. 

[0093] For example, when the flying speed of a drop is set as 7 m/s, the relation between the time 
amount width of face of driver voltage and the expansion element P1 and the weight of a drop comes to 
be shown in drawing 9 (a). This drawing 9 (a) shows that the regurgitation of the drop of about 15.3 ng(s) 
can be carried out, when driver voltage is set as 27.4V and the time amount width of face of the 
expansion element PI is set as 2.5 microseconds (microsecond), respectively. Moreover, when driver 
voltage is set as 29.5V and the time amount width of face of the expansion element P1 is set as 3.5 
microseconds, respectively, it turns out that the regurgitation of the drop of about 16.0 ng(s) can be 
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carried out. Furthermore, when driver voltage is set as 25.0V and the time amount width of face of the 
expansion element P1 is set as 6.5 microseconds, respectively, it turns out that the regurgitation of the 
drop of about 1 1.8 ng(s) can be carried out. 

[0094] Moreover, the flying speed of a drop is also changeable, keeping the weight of a drop constant by 
setting up suitably driver voltage and the time amount width of face of the expansion element P1. 
[0095] For example, when the weight of a drop is set as 15ng(s), the relation between the time amount 
width of face of driver voltage and the expansion element P1 and the flying speed of a drop comes to be 
shown in drawing 9 (b). This drawing 9 (b) shows that the flying speed of a drop can be set as about 6.7 
m/s, when driver voltage is set as 26.8V and the time amount width of face of the expansion element P1 
is set as 2.5 microseconds, respectively. Moreover, when driver voltage is set as 27.8V and the time 
amount width of face of the expansion element P1 is set as 3.5 microseconds, respectively, it turns out 
that the flying speed of a drop can be set as about 6.3 m/s. Furthermore, when driver voltage is set as 
31.7V and the time amount width of face of the expansion element P1 is set as 6.5 microseconds, 
respectively, it turns out that the flying speed of a drop can be set as about 1 0.8 m/s. 
[0096] Next, the relation between the time amount width of face (Pwh1) of the expansion hold element 
P2 of each standard driving pulses PS1-PS3 and the regurgitation property of a drop is explained. 
[0097] The time amount width of face of this expansion hold element P2 specifies the supply initiation 
timing of the regurgitation element P3, i.e., the contraction initiation timing of the pressure room 33. The 
difference in the contraction initiation timing of this pressure room 33 also affects the flying speed of a 
drop, and the weight of a drop. This is considered for a synthetic pressure to change according to the 
difference of the phase of pressure vibration excited with the expansion element PI, and the phase of 
pressure vibration excited with the regurgitation element P3. 

[0098] That is, if the pressure room 33 expands by supply of the expansion element P1, in the pressure 
room 33, pressure vibration will be excited with this expansion. And if the fluid pressure in the pressure 
room 33 starts contraction of the pressure room 33 according to the timing which becomes positive 
pressure, a drop can be flown rather than the case where it is made to breathe out by the steady state, 
at high speed. If the fluid pressure in the pressure room 33 starts contraction of the pressure room 33 
on the contrary according to the timing which becomes negative pressure, a drop can be flown rather 
than the case where it is made to breathe out by the steady state, at a low speed. Moreover, that 
variation is comparatively small although this weight changes about the weight of a drop corresponding 
to the time amount width of face of the expansion hold element P2. This is the same as that of each 
above-mentioned case, and the weight of a drop is considered because it is mainly prescribed by the 
magnitude of driver voltage. 

[0099] This is explained based on drawing 10 . Here, drawing 10 is change of the regurgitation property 
at the time of adjusting the time amount width of face of the expansion hold element P2, (a) shows 
change of the flying speed of the drop at the time of changing time amount width of face, and (b) shows 
change of the weight of the drop at the time of changing time amount width of face. In addition, in these 
drawings, a continuous line is a property at the time of setting driver voltage as 20V, an alternate long 
and short dash line is a property at the time of setting driver voltage as 23V, and a dotted line is a 
property at the time of setting driver voltage as 26V. Moreover, the minimum potential VL and the time 
amount width of face of each wave element other than expansion hold element P2 presupposed that it is 
fixed with the reference value, and the middle potential VM was made to correspond to driver voltage, 
and was changed. 

[0100] The flying speed of a drop becomes slow, so that drawing 10 (a) may show, and, as for the time 
amount width of face of the expansion hold element P2, and the flying speed of a drop, the time amount 
width of face of the expansion hold element P2 becomes long in this measuring range. For example, 
when driver voltage is set as 20V, if the time amount width of face of the expansion hold element P2 is 
set as 2 microseconds, a flying speed will serve as about 6.5 m/s, and if time amount width of face is 
set as 3 microseconds, a flying speed will serve as about 4 m/s. Moreover, a flying speed will become 
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quick if driver voltage is made high. For example, when driver voltage is set as 23V, if the time amount 
width of face of the expansion hold element P2 is set as 2 microseconds, a flying speed will serve as 
about 8.7 m/s, and if time amount width of face is set as 3 microseconds, a flying speed will serve as 
about 5.2 m/s. Similarly, when driver voltage is set as 26V, if the time amount width of face of the 
expansion hold element P2 is set as 2 microseconds, a flying speed will serve as about 10.7 m/s, and if 
time amount width of face is set as 3 microseconds, a flying speed will serve as about 7 m/s. 
[0101] And the weight of a drop decreases, so that drawing 10 (b) may show, and the time amount width 
of face of the expansion hold element P2 becomes long in this measuring range also in the time amount 
width of face of the expansion hold element P2, and the weight of a drop (that is, the discharge quantity 
of a drop decreases). For example, when driver voltage is set as 20V, if the time amount width of face of 
the expansion hold element P2 is set as 2 microseconds, the weight of a drop will serve as about 1 1.5 
ng(s), and if time amount width of face is set as 3 microseconds, weight will serve as about 10.5 ng(s). 
Moreover, the weight of a drop will become heavy if driver voltage is made high (that is, the discharge 
quantity of a drop increases). For example, when driver voltage is set as 23V, if the time amount width 
of face of the expansion hold element P2 is set as 2 microseconds, the weight of a drop will serve as 
about 13.2 ng(s), and if time amount width of face is set as 3 microseconds, weight will serve as about 
12.1 ng(s). Similarly, when driver voltage is set as 26V, if the time amount width of face of the expansion 
hold element P2 is set as 2 microseconds, as for a flying speed, the weight of a drop will serve as about 
15.0 ng(s), and if time amount width of face is set as 3 microseconds, weight will serve as 13.8ng(s). 
[0102] And the weight of a drop is changeable, keeping the flying speed of a drop constant also in this 
case by setting up suitably driver voltage and the time amount width of face of the expansion hold 
element P2. 

[0103] For example, when the flying speed of a drop is set as 7 m/s, the relation between the time 
amount width of face of driver voltage and the expansion hold element P2 and the weight of a drop 
comes to be shown in drawing 1 1 (a). This drawing 1 1 (a) shows that the regurgitation of the drop of 
about 1 1.8 ng(s) can be carried out, when driver voltage is set as 20.5V and the time amount width of 
face of the expansion hold element P2 is set as 2.0 microseconds (microsecond), respectively. Moreover, 
when driver voltage is set as 26.2V and the time amount width of face of the expansion hold element P2 
is set as 3.0 microseconds, respectively, it turns out that the regurgitation of the drop of about 13.8 
ng(s) can be carried out. Furthermore, when driver voltage is set as 29.8V and the time amount width of 
face of the expansion hold element P2 is set as 3.5 microseconds, respectively, it turns out that the 
regurgitation of the drop of about 1 5.9 ng(s) can be carried out. 

[0104] Moreover, the flying speed of a drop is also changeable, keeping the weight of a drop constant by 
setting up suitably driver voltage and the time amount width of face of the expansion hold element P2. 
[0105] For example, when the weight of a drop is set as 15ng(s), the relation between the time amount 
width of face of driver voltage and the expansion hold element P2 and the flying speed of a drop comes 
to be shown in drawing 1 1 (b). This drawing 1 1 (b) shows that the flying speed of a drop can be set as 
about 10.8 m/s, when driver voltage is set as 26.2V and the time amount width of face of the expansion 
element P1 is set as 2.0 microseconds, respectively. Moreover, when driver voltage is set as 28.0V and 
the time amount width of face of the expansion element P1 is set as 3.0 microseconds, respectively, it 
turns out that the flying speed of a drop can be set as about 8.0 m/s. Furthermore, when driver voltage 
is set as 28.0V and the time amount width of face of the expansion element P1 is set as 3.5 
microseconds, respectively, it turns out that the flying speed of a drop can be set as about 6.3 m/s. 
[0106] Thus, the flying speed and weight of a drop are controllable about each standard driving pulses 
PS1-PS3 by setting up suitably driver voltage, the middle potential VM, the time amount width of face of 
the expansion element PI, and the time amount width of face of the expansion hold element P2. 
Therefore, even if it is two or more kinds of liquids with which physical properties differ, a drop can be 
made to breathe out on the optimal regurgitation conditions according to an application. 
[0107] And the main control section 19 (wave adjustment means) adjusts suitably the driver voltage of 
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each standard driving pulses PS1-PS3 etc. based on the weight information from the weight calculation 
section 1 3, the flying-speed information from the flying-speed calculation section 1 7, etc. In this case, 
the main control section 19 supplies the standard driving pulse of a reference waveform to a 
piezoelectric transducer 21, and makes a drop breathe out first. Next, the main control section 19 
acquires the weight information which the gravimetry section 4 and the weight calculation section 13 
(drop weight measurement means) measured while acquiring the flying-speed information which the laser 
detecting element 5 and the flying-speed calculation section 17 (flying-speed measurement means) 
measured. 

[0108] If flying-speed information and weight information are acquired, the main control section 19 will 
compare the flying speed of the drop inputted from the information input section 7, and the desired 
value of weight with the flying-speed information and weight information which were acquired, and will 
set up the driver voltage of a standard driving pulse, the middle potential VM, the time amount width of 
face of the expansion element P1, and the time amount width of face of the expansion hold element P2 
according to the difference. 

[0109] Various approaches can be taken about this setup. For example, the relation between the 
difference of a flying speed and the difference of weight, and the amounts of increase and decrease, 
such as driver voltage and the middle potential VM, can be put in a database, ROM of the main control 
section 1 9 can be made to be able to memorize beforehand, and the driver voltage of a standard driving 
pulse, the middle potential VM, etc. can be set up from a difference with a target flying speed and weight, 
the measured flying speed, and weight. Moreover, combination, such as driver voltage of a standard 
driving pulse and the middle potential VM, may be changed suitably, a drop may be made to breathe out, 
the flying speed and weight of this drop may be measured again, and the difference from desired value 
may acquire the fewest combination. 

[01 10] And since it is the configuration of adjusting the wave of the driving pulse which a drive signal 
generation means generates with this operation gestalt based on the difference of the weight of a drop 
and the flying speed which were measured corresponding to the driving pulse of a reference waveform, 
and the flying speed and weight which were set up as desired value, even if it uses various liquids with 
which physical properties differ, it can adjust to the wave suitable for the physical properties of the 
liquid. Therefore, it excels in versatility. 

[01 1 1] Thus, if the regurgitation of the flying speed of desired value and the drop of weight becomes 
possible, a general-purpose coater will actually be used and a liquid will be applied to an object. For 
example, when a general-purpose coater constitutes a filter manufacturing installation, color material is 
applied on the surface of a glass substrate. Moreover, a coating material is applied to a substrate front 
face when coating equipment is constituted. 

[01 12] By the way, the driving signal generated from the drive signal generator 18 is not limited to the 
above-mentioned standard driving signal. For example, you may be a micro driving signal containing a 
micro driving pulse with less weight of a drop than the above-mentioned standard driving pulse. 
Hereafter, the control using this micro driving signal is explained. 

[01 13] Drawing 12 is drawing explaining a micro driving signal. This micro driving signal has generated 
each of these micro driving pulses PS4-PS6 for every predetermined spacing including three micro 
driving pulses (1 st micro driving pulse PS4, 2nd micro driving pulse PS5, 3rd micro driving pulse PS6) in 
the injection period T. 

[01 14] These micro driving pulses PS4-PS6 are kinds of the 2nd driving pulse of this invention, and are 
constituted by the pulse signal of the wave configuration where all are the same. As shown in drawing 
13 , namely, these micro driving pulses PS4-PS6 The 2nd expansion element P11 which raises potential 
with inclination comparatively steep from the middle potential VM to the maximum potential VH, The 2nd 
expansion hold element P12 which carries out **** short-time maintenance of the maximum potential 
VH, The 2nd regurgitation element P13 to which potential is dropped by the steep slope from the 
maximum potential VH to the regurgitation potential VF, The regurgitation hold element P14 which 
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covers a **** short time and holds the regurgitation potential VF ? The contraction vibration-deadening 
element P15 to which potential is dropped with the inclination looser than the 2nd regurgitation element 
P13 from the regurgitation potential VF to the minimum potential VL f The vibration-deadening hold 
element P16 which holds the minimum potential VL [ predetermined time ], and the expansion vibration- 
deadening element P17 which raises potential with inclination comparatively loose from the minimum 
potential VL to the middle potential VM are included. 

[01 15] In addition, in the micro driving pulses PS4-PS6 illustrated to drawing 13 , the expansion 
vibration-deadening element P17 is a kind of the 2nd return element, and returns the volume of the 
pressure room 33 to a steady state. Moreover, the middle potential VM is set to 20% of driver voltage, 
and the regurgitation potential VF is set to 40% of driver voltage. Therefore, in a steady state, the 
pressure room 33 is contracted comparatively greatly. Moreover, the regurgitation volume (that is, 
volume of the pressure room 33 at the supply termination time of the regurgitation element P3) 
corresponding to the regurgitation potential VF is somewhat larger than the stationary volume. 
[01 16] If these micro driving pulses PS4-PS6 are supplied to a piezoelectric transducer 21, whenever 
each micro driving pulses PS4-PS6 are supplied, the drop of the specified quantity (for example, 
5.5ng(s)) will be breathed out from a nozzle orifice 12. 

[0117] That is, with supply of the 2nd expansion element P11, the pressure room 33 of the stationary 
volume expands rapidly, and draws a meniscus in the pressure room 33 side greatly. And if the 2nd 
expansion hold element P12 is continued and supplied to a **** short time, the migration direction for a 
core of the drawn meniscus will be reversed with surface tension. Then, the 2nd regurgitation element 
P13 is supplied and the pressure room 33 is rapidly contracted from the maximum volume to the 
regurgitation volume. At this time, it is torn to pieces by the amount of [ of the meniscus elongated in 
the shape of a column towards the discharge direction ] core, and it becomes a drop and is breathed out. 
The regurgitation hold element P14 and the contraction vibration-deadening element P15 are supplied in 
order after supply of the 2nd regurgitation element P13. Although the contraction vibration-deadening 
element P15 shrinks the pressure room 33 from the regurgitation volume to the minimum volume, the 
contraction rate is set as the rate which can control vibration of the meniscus after the drop 
regurgitation. Since the vibration-deadening hold element P16 is supplied following this contraction 
vibration-deadening element P15, the contraction condition of the pressure room 33 is maintained and 
the expansion vibration-deadening element P17 is supplied to the timing which can negate vibration of a 
meniscus. Thereby, the pressure room 33 carries out an expansion return to the stationary volume that 
vibration of a meniscus should be controlled. 

[01 18] Also in this micro driving signal, the injection quantity of a drop can be set up for every unit field 
by changing the number of the micro driving pulses supplied within one injection period T. For example, 
the drop of 5.5ng(s) can be made to breathe out in a unit field by supplying only 2nd micro driving pulse 
PS5 in the injection period T at a piezoelectric transducer 21. Moreover, the drop of 1 1ng(s) can be 
made to breathe out in a unit field by supplying 1 st micro driving pulse PS4 and 3rd micro driving pulse 
PS6 in the injection period T at a piezoelectric transducer 21. Furthermore, the drop of 16.5ng(s) can be 
made to breathe out in a unit field by supplying each micro driving pulses PS4-PS6 in the injection 
period T at a piezoelectric transducer 21. 

[0119] Injection control of this drop is also performed based on the above-mentioned pulse select data. 
In addition, since the injection control based on pulse select data is the same as the control in the 
standard driving signal explained previously, the explanation is omitted. 

[0120] And the main control section 1 9 (wave adjustment means) adjusts a wave configuration also 
about each micro driving pulses PS4-PS6 that the flying speed and weight of a drop should be united 
with the use application, and should be optimized. Adjustment of the wave configuration about these 
micro driving pulses PS4-PS6 is performed about three items of driver voltage, the middle potential VM, 
and the regurgitation potential VF (that is, termination potential of the 2nd regurgitation element P13). 
Hereafter, adjustment of the wave configuration by the main control section 19 is explained. 
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[0121] First, based on drawing 14 , the relation between the driver voltage of each micro driving pulses 
PS4-PS6 and the regurgitation property of a drop is explained. 

[0122] Here, drawing 14 is change of the regurgitation property at the time of adjusting driver voltage, 
(a) shows change of the flying speed of the drop at the time of changing driver voltage, and (b) shows 
change of the weight of the drop at the time of changing driver voltage. In addition, in drawing 1 4 (a), the 
continuous line which attached the black dot shows the Maine drop, and the dotted line which attached 
the white round head shows a satellite drop. Moreover, the alternate long and short dash line which 
attached the trigonum shows the 2nd satellite drop. 

[0123] It can be said that the magnitude of driver voltage, and the flying speed and weight of a drop 
have the relation of direct proportion (a multiplier is forward) mutually so that this drawing 1 4 may show. 
That is, if driver voltage is enlarged, the flying speed of a drop (Maine drop) will become quick, and will 
also put on the weight of a drop. For example, when driver voltage is 1 8V, the flying speeds of the Maine 
drop are about 4 m/s, and weight is about 4.4 ng(s). Moreover, when driver voltage is 24V, flying speeds 
are about 9.0 m/s and weight is about 6.8 ng(s). Furthermore, when driver voltage is 33V, flying speeds 
are about 16 m/s and weight is about 10.2 ng(s). 

[0124] This is considered because the change width of face of the volume about the pressure room 33 
changed by the change in the same reason as the above-mentioned standard driving pulses PS1-PS3, 
i.e., driver voltage. 

[0125] In addition, if drawing 1 4 (a) is seen, in the condition that driver voltage is 18V, a drop will be 
divided into the Maine drop and a satellite drop, and will fly. Furthermore, if driver voltage becomes more 
than 24V, in addition to the above-mentioned satellite drop, the 2nd satellite drop will appear. In these 
micro driving pulses PS4-PS6, although a satellite drop gathers a rate with the rise of driver voltage, the 
2nd satellite drop is the flying speed (6-7 m/s) of abbreviation regularity irrespective of a driver 
voltage rise. 

[01 26] As mentioned above, also in this micro driving pulse, a setup of driver voltage shows that the 
flying speed and weight of the drop which carries out the regurgitation can be fluctuated to coincidence. 
[0127] Next, the relation between the middle potential VM of each micro driving pulses PS4-PS6 and 
the regurgitation property of a drop is explained. 

[0128] Also in these micro driving pulses PS4-PS6, the middle potential VM specifies the stationary 
volume of the pressure room 33. Therefore, the expansion space from the stationary volume to the 
maximum volume can be set up by modification of the middle potential VM. And the amount of drawing 
in by the side of the pressure room 33 of the meniscus at the time of supply of the 2nd expansion 
element P1 1 can be set up by the ability of an expansion space to be changed. Moreover, since the time 
amount width of face of the 2nd expansion element P1 1 is fixed, the drawing-in rate by the side of the 
pressure room 33 of a meniscus also changes with modification of an expansion space. 
[0129] It draws with the amount of drawing in of a meniscus, and it is thought that a rate affects the 
discharge quantity of a drop. That is, if there are many amounts of drawing in of a meniscus, the amount 
of the liquid breathed out as a drop will decrease, and if there are few amounts of drawing in, the 
amount of the liquid breathed out as a drop will increase. Moreover, if the drawing-in rate of a meniscus 
is high, according to the counteraction, the passing speed for a core of a meniscus will also become high, 
and the flying speed of a drop will become high. On the other hand, if the drawing-in rate of a meniscus 
is low, the passing speed for a core of a meniscus and the flying speed of a drop will become low small 
[ the counteraction ]. 

[0130] Therefore, the weight of a drop is changeable, keeping the flying speed of a drop constant by 
setting up suitably the above-mentioned driver voltage and the middle potential VM. 
[0131] For example, when the flying speed of a drop is set as 7 m/s, the relation between driver voltage 
and the middle potential VM, and the weight of a drop comes to be shown in drawing 1 5 (a). This drawing 
1_5 (a) shows that the regurgitation of the drop of about 5.6 ng(s) can be carried out, when driver voltage 
is set as 19.5V and the middle potential VM is set, respectively to 0% of driver voltage (that is, the 
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minimum potential VL and this potential). Moreover, when driver voltage is set as 22.5V and the middle 
potential VM is set to 30% of driver voltage, respectively, it turns out that the regurgitation of the drop 
of about 5.9 ng(s) can be carried out. Furthermore, when driver voltage is set as 24.5V and the middle 
potential VM is set to 50% of driver voltage, respectively, it turns out that the regurgitation of the drop 
of about 7.5 ng(s) can be carried out. 

[0132] Moreover, the flying speed of a drop is also changeable, keeping the weight of a drop constant by 
setting up driver voltage and the middle potential VM suitably. 

[0133] For example, when the weight of a drop is set as 5.5ng(s), the relation between driver voltage and 
the middle potential VM, and the flying speed of a drop comes to be shown in drawing 1 5 (b). This 
drawing 1 5 (b) shows that the flying speed of a drop can be set as about 6.9 m/s, when driver voltage is 
set as 19.0V and the middle potential VM is set to 0% of driver voltage, respectively. Moreover, when 
driver voltage is set as 21.5V and the middle potential VM is set to 30% of driver voltage, respectively, it 
turns out that the flying speed of a drop can be set as about 6.2 m/s. Furthermore, when driver voltage 
is set as 20.2V and the middle potential VM is set to 50% of driver voltage, respectively, it turns out that 
the flying speed of a drop can be set as about 4.5 m/s. 

[0134] Next, the relation between the regurgitation potential VF (termination potential of the 2nd 
regurgitation element P13) of each micro driving pulses PS4-PS6 and the regurgitation property of a 
drop is explained. 

[0135] The above-mentioned regurgitation potential VF specifies the regurgitation volume of the 
pressure room 33. Therefore, the amount of contraction from the maximum volume to the regurgitation 
volume can be set up by modification of the regurgitation potential VF. Moreover, since the time amount 
width of face of the 2nd regurgitation element P13 is fixed, a contraction rate also changes with 
modification of this regurgitation potential VF. That is, if the regurgitation potential VF is set up lower 
than criteria, a contraction rate will become high, and a contraction rate will become low if it sets up 
more highly than criteria. 

[0136] It is thought that the amount of contraction and contraction rate of the pressure room 33 affect 
the discharge quantity of a drop. That is, if there are many amounts of contraction of the pressure room 
33, the amount of the liquid breathed out as a drop will increase, and if there are few amounts of 
contraction, the amount of the liquid breathed out as a drop will also decrease. Moreover, if the 
contraction rate of the pressure room 33 is high, the flying speed of a drop will become high, and a flying 
speed will also become low if a contraction rate is low. In addition, the variation of a flying speed and the 
variation of discharge quantity to change of the regurgitation potential VF are different from the 
variation at the time of changing driver voltage in this case. Therefore, the vyeight of a drop is 
changeable, keeping the flying speed of a drop constant by setting up suitably above-mentioned driver 
voltage and the above-mentioned regurgitation potential VF. 

[0137] For example, when the flying speed of a drop is set as 7 m/s, the relation between driver voltage 
and the regurgitation potential VF, and the weight of a drop comes to be shown in drawing 1 6 (a). This 
drawing 1 6 (a) shows that the regurgitation of the drop of about 3.6 ng(s) can be carried out, when driver 
voltage is set as 27.0V and the potential difference of the 2nd regurgitation element P13 is set, 
respectively to 50% of driver voltage (from the maximum potential VH to 1 3.5 [ That is, the regurgitation 
potential VF 50% ] V low potential). Moreover, when driver voltage is set as 21.3V and the potential 
difference of the 2nd regurgitation element P13 is set to 70% of driver voltage, respectively, it turns out 
that the regurgitation of the drop of about 5.6 ng(s) can be carried out. Furthermore, when driver voltage 
is set as 16.6V and the potential difference of the 2nd regurgitation element P13 is set, respectively to 
100% of driver voltage (that is, the regurgitation potential VF the minimum potential VL and this 
potential), it turns out that the regurgitation of the drop of about 7.6 ng(s) can be carried out. In addition, 
when the potential difference of the 2nd regurgitation element P13 is set to 100% of driver voltage, the 
contraction vibration-deadening element P15 is not formed. 

[0138] Moreover, the flying speed of a drop is also changeable, keeping the weight of a drop constant by 
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setting up driver voltage and the regurgitation potential VF suitably. 

[0139] For example, when the weight of a drop is set as 5.5ng(s), the relation between driver voltage and 
the regurgitation potential VF, and the flying speed of a drop comes to be shown in drawing 1 6 (b). This 
drawing 1 6 (b) shows that the flying speed of a drop can be set as about 1 1.2 m/s, when driver voltage 
is set as 32.0V and the potential difference of the 2nd regurgitation element P13 is set to 50% of driver 
voltage, respectively. Moreover, when driver voltage is set as 19.5V and the potential difference of the 
2nd regurgitation element P13 is set to 70% of driver voltage, respectively, it turns out that the flying 
speed of a drop can be set as about 5.5 m/s. Furthermore, when driver voltage is set as 12.0V and the 
potential difference of the 2nd regurgitation element P13 is set to 100% of driver voltage, respectively, it 
turns out that the flying speed of a drop can be set as about 3.0 m/s. 

[0140] Thus, about each micro driving pulses PS4-PS6, the flying speed and weight of a drop are 
controllable by setting up suitably the driver voltage, the middle potential VM, and the regurgitation 
potential VF. Therefore, even if it is two or more kinds of liquids with which physical properties differ, a 
drop can be made to breathe out on the optimal regurgitation conditions according to an application. 
[0141] Next, the application of the above-mentioned general-purpose coater is explained. 
[0142] Drawing 17 is drawing explaining an example *of the color filter manufacturing installation 
constituted with the general-purpose coater, (a) is the top view of the color filter manufacturing 
installation 51, and (b) is the partial enlarged drawing of a color filter. 

[0143] The color filter manufacturing installation 51 shown in drawing 1 7 (a) The installation pedestal 53 
of the shape of a rectangle which prepared installation side 53a which lays a glass substrate 52, The 
injection head 1 with which carriage 54 was attached movable and carriage 54 was equipped with it with 
the guide bar 55, The supply tube 10 which forms the passage of the color material which was 
connected between the liquid reservoir section 2 which can store the color material for color filters, and 
the liquid reservoir section 2 and the injection head 1, and was stored by the liquid reservoir section 2, It 
has the gravimetry section 4 and the laser detecting element 5 which were prepared in the home 
position, a control unit 6, and the information input section 7. In addition, in this color filter 
manufacturing installation 51, about what was explained previously, the same sign is attached and that 
explanation is omitted. 

[0144] The above-mentioned guide bar 55 is a flat cylindrical member, and is arranged in parallel with 
installation side 53a along the direction of a shorter side of the installation pedestal 53. And this guide 
bar 55 is attached in the direction of a long side of the installation pedestal 53 movable, and moves with 
the driving force from the carriage motor 3. Moreover, the carriage 54 attached in the guide bar 55 is 
attached in the longitudinal direction of a guide bar 55 movable, and moves with the driving force from 
the carriage motor 3. 

[0145] The injection head 1 is attached in carriage 54 so that a nozzle orifice 12 may become downward, 
namely, so that installation side 53a may be countered. Therefore, in this color filter manufacturing 
installation 51, the injection head 1 can be moved to the location of the arbitration of installation side 
53a by moving a guide bar 55 and carriage 54 suitably. That is, the regurgitation of the drop of color 
material can be carried out to the location of the arbitration of that front face about the glass substrate 
52 laid in this installation side 53a. 

[0146] next, the manufacture approach of the color filter by this color filter manufacturing installation 51 
— the spreading process of color material is explained in detail. 

[0147] At this spreading process, required information is first inputted using the information input 
section 7. For example, the class of the magnitude and thickness of a glass substrate 52, and color 
material to be used etc. is inputted. If required information is inputted, the main control section 19 will 
set up the regurgitation conditions of a drop first. In this case, first, after positioning the injection head 1 
in a home position, the regurgitation of the drop is carried out using a basic form-like driving pulse. And 
at the time of the regurgitation of this drop, the laser detecting element 5 and the flying-speed 
calculation section 17 measure the flying speed of a drop, and the gravimetry section 4 and the weight 



-23- 



calculation section 13 measure the weight of a drop. 

[0148] If the flying speed and weight of a drop are measured, the main control section 19 will set up the 
flying speed of the drop suitable for the class and glass substrate 52 of the color material to be used, 
and the desired value of weight. And based on the set-up desired value and the measured value 
corresponding to a basic form-like driving pulse, the wave configuration of a driving pulse is adjusted by 
the above-mentioned approach. 

[0149] Color material will be applied to the front face of a glass substrate 52 if the wave configuration of 
a driving pulse is set up. That is, as shown in drawing 1 7 (b), each color material of R, G, and B is applied 
to acceptance layer 52a on the front face of a glass substrate in the shape of a grid. In this case, since 
the flying speed and weight of a drop are optimized by the value suitable for spreading of color material 
as described above, the regurgitation of the color material of sufficient amount required in a grid field 
can be carried out. Moreover, Myst at the time of the regurgitation can also be prevented. For this 
reason, the manufacture yield can be raised. 

[0150] If color material is applied to the whole front face of a glass substrate 52, the color material 
applied with heating etc. will be fixed and a glass substrate 52 will be transported to degree process. 
[0151] By the way, this invention is not limited to the illustrated operation gestalt, and various 
deformation is possible for it based on the publication of a claim. 

[0152] For example, not only the piezoelectric transducer 21 but an electrostatic actuator, 
magnetostrictor, etc. can be used about a pressure generating component. Namely, what is necessary is 
just the electric machine sensing element which deforms with supply of a driving signal. Furthermore, as 
long as it produces pressure fluctuation in the pressure room 33, you may be components other than an 
electric machine sensing element. For example, the heater element which can pressurize the inside of 
the pressure room 33 by carrying out bumping of the liquid in the pressure room 33 can also be used. 
[0153] And like this operation gestalt, when a piezoelectric transducer 21 is used, as described above, 
wave-like adjustment can adjust the flying speed and weight of a drop in the large range, and it is rich in 
versatility. Moreover, since there is little calorific value compared with a heater element, a piezoelectric 
transducer 21 also fits the regurgitation of the liquid which deteriorates with too much heating. 
[01 54] Moreover, as a detection means to detect the drop under flight in the detection location P, 
although the laser detecting element 5 was used with the above-mentioned operation gestalt, if a drop is 
detectable, it will not be limited to the laser detecting element 5. Therefore, it is not limited to the 
combination of the laser detecting element 5 and the flying-speed calculation section 1 7 about a flying- 
speed measurement means. For example, you may be the combination of a CCD camera and a 
stroboscope (source of luminescence which generates the light of a **** short time). Similarly, a drop 
weight measurement means will not be limited to the above-mentioned configuration, if the weight of the 
drop which carried out uptake can be measured. For example, the volume of a liquid may be measured. 
[0155] Moreover, although the number of supplies to the piezoelectric transducer 21 of each standard 
driving pulse performed the main adjustments of the injection quantity in the injection period T with the 
above-mentioned operation gestalt, it is not limited to this configuration. For example, the injection 
quantity of a drop may be adjusted by carrying out adjustable [ of the regurgitation period of a drop ]. 
The generating period of a driving pulse (PS1-PS3, PS4-PS6) consists of this configuration possible 
[ modification ] about the drive signal generator 18 as a driving pulse generating means. And the drive 
signal generator 1 8 generates a driving pulse with the period according to the injection quantity of a 
drop, and supplies this generated driving pulse to a piezoelectric transducer 21. This configuration can 
also aim at improvement in precision of the injection quantity, while being able to expand the adjustment 
width of face of the injection quantity, and it can also attain optimization of an injection property further. 
In addition, this configuration has a useful degree of freedom to high coating equipment etc. about the 
impact location precision of a drop. 

[0156] Moreover, although the general-purpose coater which is a kind of a fluid injector was mentioned 
as the example and the above-mentioned operation gestalt explained it, this invention is applicable if it 
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is equipment in which the regurgitation [ a liquid ] is possible. For example, it is applicable also to an ink 
jet experimental device. Moreover, a general-purpose coater is not limited to the color filter 
manufacturing installation 51, either. For example, this invention is applicable also to various equipments, 
such as a liquid crystal injector, coating equipment, molding equipment, soldering equipment, and a 
culture apparatus. 
[0157] 

[Effect of the Invention] According to this invention, the following effectiveness is done so as explained 
above. Namely, a drop weight measurement means to measure the weight of a drop by carrying out 
uptake of the drop breathed out in the flight-characteristic measurement means, It constitutes from a 
flying-speed measurement means to measure the flying speed of a drop by detecting the drop under 
flight in a detection location. A wave adjustment means Since the wave of the driving pulse which a 
drive signal generation means generates is adjusted based on the difference of the flying speed of a drop 
and weight which were measured corresponding to the driving pulse of a reference waveform, and the 
flying speed and weight which were set up as desired value Even if it uses various liquids with which 
physical properties differ, it can adjust to the wave suitable for the physical properties of the liquid, and 
a drop can be made to breathe out on the optimal regurgitation conditions according to an application. 
[0158] Moreover, when it is made the configuration which computes the weight of one drop from the 
weight of two or more drops which carried out uptake of the drop weight measurement means, even if it 
is the drop of **** small quantity, weight can be measured in a high precision. 

[0159] Moreover, the laser light source which irradiates a laser beam for a flying-speed measurement 
means possible [ a drop and a crossover with the above-mentioned detection location ], It constitutes 
from a photo detector which can receive the laser beam from this laser light source, and a time-of-flight 
measurement means to measure the time of flight of the drop detected based on the detecting signal 
from a photo detector. Since it excels in linearity and the path of a beam of light also uses the laser 
beam which can be extracted very thinly when a flying speed is computed based on the time of flight 
which the time-of-flight measurement means measured, even if it is the drop of **** small quantity, a 
flying speed can be measured in a high precision. 

[0160] Moreover, when adjustment of the discharge quantity of a drop is enabled by considering a 
driving pulse generating means as the configuration which can generate two or more driving pulses in a 
unit period, and carrying out adjustable [ of the number of supplies of the driving pulse to the pressure 
generating component per unit period ], while being able to expand the adjustment width of face of the 
injection quantity, improvement in precision of the injection quantity can be aimed at, and optimization of 
an injection property can also be attained further. 

[0161] Moreover, also when adjustment of the regurgitation period of a drop is enabled by considering 
the generating period of a driving pulse for a driving pulse generating means as the configuration in 
which adjustable is possible, and carrying out adjustable [ of the supply period of the driving pulse to a 
pressure generating component ], while being able to expand the adjustment width of face of the 
injection quantity, improvement in precision of the injection quantity can be aimed at, and optimization of 
an injection property can also be attained further. 

[0162] Moreover, when the piezoelectric transducer which can be changed in the volume of a pressure 
room as an electric machine sensing element is used, the flying speed of a drop and the adjustable range 
of weight are wide, and rich in versatility. Moreover, the regurgitation of the liquid which deteriorates 
with too much heating can also be carried out. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a schematic diagram explaining the basic configuration of a general-purpose coater. 
[Drawing 2] It is the sectional view of an injection head. 

[Drawing 3] It is the sectional view having expanded and shown a part of passage unit. 
[Drawing 4] It is a block diagram explaining the electric configuration of an injection head. 
[Drawing 5] It is drawing explaining the standard driving signal which a drive signal generator generates. 
[Drawing 6] It is drawing explaining the standard driving pulse contained in a standard driving signal. 
[Drawing 7] Change of the regurgitation property at the time of adjusting driver voltage in a standard 
driving pulse is shown, and drawing having shown change of the flying speed of the drop at the time of 
(a) changing driver voltage and (b) are drawings having shown change of the weight of the drop at the 
time of changing driver voltage. 

[Drawing 8] Drawing having shown the driver voltage at the time of (a) setting the flying speed of a drop 
as 7 m/s in a standard driving pulse and the relation between the middle potential VM and the weight of 
a drop and (b) are drawings having shown the driver voltage at the time of setting the weight of a drop 
as 1 5ng(s), and the relation between the middle potential VM and the flying speed of a drop. 
[Drawing 9] Drawing having shown the relation between the driver voltage at the time of (a) setting the 
flying speed of a drop as 7 m/s in a standard driving pulse and the time amount width of face of an 
expansion element, and the weight of a drop and (b) are drawings having shown the relation between the 
driver voltage at the time of setting the weight of a drop as 15ng(s) and the time amount width of face 
of an expansion element, and the flying speed of a drop. 

[Drawing 10] Change of the regurgitation property at the time of adjusting the time amount width of face 
of an expansion hold element in a standard driving pulse is shown, and drawing having shown change of 
the flying speed of the drop at the time of (a) changing time amount width of face and (b) are drawings 
having shown change of the weight of the drop at the time of changing time amount width of face. 
[Drawing 11] Drawing in which (a) showed the relation between the driver voltage at the time of setting 
[ s ] up the flying speed of a drop in 7m /in a standard driving pulse and the time amount width of face 
of an expansion hold element, and the weight of a drop, and (b) are drawings having shown the relation 
between the driver voltage at the time of setting the weight of a drop as 15ng(s) and the time amount 
width of face of an expansion hold element, and the flying speed of a drop. 

[Drawing 12] It is drawing explaining the micro driving signal which a drive signal generator generates. 
[Drawing 13] It is drawing explaining the micro driving pulse contained in a micro driving signal. 
[Drawing 14] It is change of the regurgitation property at the time of adjusting driver voltage in a micro 
driving pulse, and drawing having shown change of the flying speed of the drop at the time of (a) 
changing driver voltage and (b) are drawings having shown change of the weight of the drop at the time 
of changing driver voltage. 

[Drawing 15] Drawing showing the driver voltage at the time of (a) setting the flying speed of a drop as 7 
m/s in a micro driving pulse and the relation between the middle potential VM and the weight of a drop 
and (b) are drawings having shown the driver voltage at the time of setting the weight of a drop as 
5.5ng(s), and the relation between the middle potential VM and the flying speed of a drop. 
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[Drawing 16] Drawing showing the relation between the driver voltage at the time of (a) setting [ s ] up 
the flying speed of a drop in 7m /in a micro driving pulse and the regurgitation potential VF, and the 
weight of a drop and (b) are drawings showing the relation between the driver voltage at the time of 
setting the weight of a drop as 5.5ng(s) and the regurgitation potential VF f and the flying speed of a drop. 
[Drawing 1 7] It is drawing explaining an example of the color filter manufacturing installation constituted 
with the general-purpose coater, and (a) is the top view of a color filter manufacturing installation, and 
(b) is the partial enlarged drawing of a color filter. 
[Description of Notations] 

1 Injection Head 

2 Liquid Reservoir Section 

3 Carriage Motor 

4 Gravimetry Section 

5 Laser Detecting Element 

6 Control Unit 

7 Information Input Section 

8 Liquid Pack 

9 Maintenance Case 

10 Supply Tube 

1 1 Uptake Section 

12 Nozzle Orifice 

13 Weight Calculation Section 

14 Laser Light Source 

15 Laser Photo Detector 

16 Nozzle Plate 

17 Flying-Speed Calculation Section 

18 Drive Signal Generator 

19 Main Control Section 

21 Piezoelectric Transducer 

22 Vibrator Group 

23 Stationary Plate 

24 Flexible Cable 

25 Vibrator Unit 

26 Case 

27 Passage Unit 

28 Pars Insularis 

31 Passage Formation Substrate 

32 Elastic Plate 

33 Pressure Room 

34 Liquid Feed Hopper 

35 Common Liquid Room 

36 Nozzle Free Passage Opening 

37 Support Plate 

38 Resin Film 

41 1 st Shift Register 

42 2nd Shift Register 

43 1 st Latch Circuit 

44 2nd Latch Circuit 

45 Decoder 

46 Control Logic 
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47 Level Shifter 

48 Switching Circuit 

51 Color Filter Manufacturing Installation 

52 Glass Substrate 

53 Installation Pedestal 

54 Carriage 

55 Guide Bar 
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■J •>> !; E-^3«/'t;U7> ; t-^tCj;oT^fi£$nTfe 

DRV) lC«UT«M*'Ny Kl*ffi«tt»Lot3»»S 

[0 0 2 6] ±B©m««3£»4tt, ^^tC&tt&JR 

SWTTSIRfcH:, Z(DMm^-b 1 1 a£iJW\y H 

1 ©/X;i^^-Mc*fft£i±Tffi«T&., 

i5(,>T\ "glt^y H 10gI*5i*->- h 1 1 agffi 

*^^ffiT«2mmtCig^LTI/^„ so 
[0 0 2 7] ££3T% ±IB©"!«*t'\^ h* l^SttmS 
n-5fiSjg«« HiWtKaUyh* (PL) gg©®< 
'PmT'&Zo Z.(Dfztb, lffi<Dmm'bfkj-S y?A (n 
g) SST&O. l««fcS*&»srrS££ttHllT 

yx;w^;fr&ia:HJS-8\ ^©a* 

m,-?z>-£.Tv>jX)vmu i 2 - (02#$?) 7j>e>io 

0, 0 0 0B©***tfctHS-B\ ±#©M**£T 

■5)o 40 

[0028] c ©assess 4 ft. mmmmeommw 

om^mt. mizmm (wgt> £LTa»ifLHjgi$i 
3£&ffl£n3. zvmmnmmi 3«, ftft*H£«4 

&>rt3J:5fc. *K«5a»©«l5g1ffga>e>i£»5© 
l^£*:0©a*£Sti5-r?>. £©=fc5ft#i*£S5 

t, m<'j>m<D%tm-c&-3T*>ni>mm-emm*:mi£v 

[0 0 2 9] ±IE©^— 9-*-&mSB5fcL sMMifcfcW- so 



^IC^DTRfr^l/^K^^aiffi^ (DTC) sm^pj 
f|g&k-if-£ft3itTl 5 ££^A,T^S. ^Olz-lf 

«*oiiilfeB«-r*3:t*«Ttrs. fit, i^— tf- 

[0 0 3 0] U— tf— 1 4 t 

(7"dtt*rS]) yxwiffl^i/x;^i/-h 
i taswesu tcriTSot, yxwo 12 (; 
[0031] z\<d\>— y-*-^ma5 5«, ^©jnffiis 

«***«:UiSnfc«fjiSt«:iBjlSttU, iO*****UJfic« 

T, SX)mn 1 2^e>«ltli«!:MP$T©KgS«K«IT 
Ji©^fT)lS©^m«. ^j£T^J;p»c, f&IP Sfi 6 © 
aS»ffiSC17K, U— tf-^HJgC5<i:^(c:^W©^ 
[0 0 3 2] ±tB©««A^3§15 7« < ffiiA^JfgiL 

T«tgL> Mttgft6tc#u jSjg©flifTji«^a»© 

;h X-i y^&m ^2>Z.£rfT%Z>. 

[0033] ±m(ommms6 «, ^w^-y h 1 

CPU • ROM • RAMf (Mnfc0^1i-r) <£^T 
«J«Snfc*IWfP»l 9t. U— lf-S*«^ 1 53^6 

©& mmn \z so* ^ xmm omnrng. mt % mn m 
mnmrni it. a«»^gs4*^©ai*m«jcs^n 
t 1 m<Dmffimmzm&?z>mmBm& 1 3 1 jfAt 

[0 0 3 4] ^KM^^^gB 1 8 *^WIC*3tt^M 

8 zmmamz. i5i:^tflfTj6 
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(6) 

9 

K). ffifemcDi&ffizm&^y K l ©yX)HI8P l 2fr<b 
ttm^-&-5/t*(D^i!i/i;i/7. (PS1~PS3) Sr. "!t 

•5. 

CO 0 3 5] ±|B©±IB»«1 9tt, H©tfUBtt*8B 
Cl5tt*fll!l«£fT3'b©T*D. iaci8©«S*ffel 

WlCirrsWBx-* (SI) S^riELfcO. *+'Jy 
^t-* 3 £Mfr*-«fctt©fMbMfltll W (DRV) £ io 

©SUfflfflffi^ (CK, LAT, CH) S£j£UfcD, K 

■&«^584«i 8^m*-r*»»«a (dad zzl&l 

[0036] ±ie©pftWx-^«. ttw&nwfsjfeg 
*\ stra»T*«£©*if***-r5 s --*'T?*D, * 

J|Mfc**3fcB©*»ttttS4a»fc#ttT 

**©«*S«»T**lt3©4IW©tt*£«-r. -e 

lt. ttrnmitmiHT"-* too -ca^n, «»kj 
"Sitx-* (oi) T*^ns. sfc. 2 teisi^ 

(10) T*g$n, *af3tt*»5*-$' (ID T 

[0 0 3 7] HMt^y H 1 ©ftiJiSUJBfl^te, flIAtf , » 
f?D7^tlT0^D7^ (CK) , lgS*X-:3' 
S>ry^Stt577f<l§ (LAT) , 

s*jrr*^-v>*;wffi^ (cm la^tMsn so 

*. Sot, ±fflffffi l 9 tt. :n6CJayffl<», 
[0 0 3 8] tt&flHB (DAT) tt, B»«^96^ffil 

8#»£T*«ib«**©*»»«*sjrr*. bps. k 
rare wwi/vw saarr*. fit, 

1 9tt, BUTTS J: 3 fc. SUUtiffil 3A»60*j«<D 

ms^«^jnfTjiSj¥aifflJi 7a»&©««©«fTa«* 
**fca-^nTK»/^;u^«)ife»»tt*»is-ra. bp « 

t>*lt£"T-So 

[0039] mnmmwmm 1 7«, *^©^f?jss 

[0 0 4 0] *HJg^®T«, ^Mfltfl 9^609? 

fram****-*. -tux, m»ufc(s*ffWfm3&»6*i so 



10 

x;hip 1 2*>6*jB*«ttmsn4iitjS4:Ktt^n«3o* 

mm t u iis©<EJHfri^m^6»j(r * c try 
na 1 2*»6.i±aisn/£««*«u— tf-*uiffl5K*ta 

[0041] &ir. MfTjSg^aigc 1 7 «. ±i2©tot 
^n*»6»ffjaKfciita-ra. bp-£> yx)ms§p 1 2^ 

is-t-s. ^ix. Mfm&wmm 1 7«. jraiLfcjRfT 

Hflffil9tt, gffiLfcflSfTjigtit$g£RAM©ffitg;ffi 

* (jSS««iBis^g) kbit*-*. 
[0 0 4 2] mmwm^i 3 a, ±teb^:<tp{c, #a 
w©sssia«S!i^©©-ffl5s*ritb, »ncDiM»fc 
o©m*£gaj-Ts. 

[0043] *nig^siTtt, *r, «*ttttninc*w- 

(«*.«. 1 0 0, 0 0 0%) ©IKWfcttlbS-frfclR© 

sitBts. ^©tttii^assM^ittaiiHiia: (bp*>. / 
x;nBP»xqt(a@»c) -c^-rs^ticfcD, im© 
•»*^mr-2>. MAtf. yx;mnp 1 2-©ffca<5 0 
e, it3©/x;nBpafcooi!taigjBc*«i 0 0, 00 

0®, qtaj^S»*i7 5mgTibofci^tA^ £ 
©«£\ 1 ?g©a»tt 75mg/ (5 0X 1 0 0, 00 
0) TrntBSn-S©-^ 15ngt4i. 

[0044] ^lt, «»^mesi3tt, wmvtzWiffi 

tlSfl«*tbT±li!»»l 9tCjM«f -5. ±ffelffl 
»19tt, St l/^lttfti R AMOBti* (*» 
*t8B**a) KE1T5. 

[0045] ±e©«»'\5» h i iz-o^rmmiz 

[0 0 4 6] tSJ^LfcRttt^y H 1 tt, fi»JA«, M2\Z 

fciR»-?» 2 2 , C©«»f»2 23l^#3n*@3t« 
2 3, *JE«Jg»^ 2 l-!C|&*r*7U*^ 

)Wr-Zf)V2 4^a-7 Hbl/ftSftfa^y h 2 5 

Z<DMSh?3--y h 2 5 SriR^pJtg^dr-^ 2 6 
t, >r-7.2 6©ft«S(C«d$tl«aKKa=y H2 7 

[0 0 4 7] ±f2©ffftiI8&^ 2 1 tt. *%W©EE^^ 

x*j^-*a»x*;m:-K«jftpitt&j({^-) ©-a 

T»*. C©£«SIH L 2 1(2. 3 0miti~1 

0 0 me*©a»T«l^»*©«#*lC«IO»tt 6*1T 
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K©EEfHBHr?2 17*5. ^LT> &ffi«fiWj^2 1 
•••(J, 2ttfl!lffi#-*<B£« 2 3<D±tr^$nTl5D, 

2 1 -OftJIiltt. »Ba=yh2 70M2 8l:ia 
2 3 ittR»«tft5Sftf 82 2<D«iST. &BE«ffi 
[0 0 4 8] H2 711 H3K*-r«t5»C, 

X;^l/- h 1 6 <!:ttK*ffliJt7S-5ft6^©«®{cBE«L 
[0 0 49] /X^U- M 6 tt, K-5» h»J**«K 

Ttt, 1 8 0 d p i ©tfy^T-5 0<l©7X,^gSP 1 2 

[ 0 0 5 0 ] Sit8&15fijcS« 3 1 fi, /X^XU-M6 

o§;x;mo 1 2-ic»is^i*-tje*^3 3 

££t>K. ttflcftil&P 3 4 

[0 0 5 1] EE#^3 3tt. yxwp 1 2 mmwififm 
0, ««TKH*nfc«¥a:IHI*T?«lricanTti*. * 
<M&P3 4*«»jSa*lTlr»*. J£2>^3 3rt(Ci3 

1 2t)E*^3 3 &exx-*-«yxnataQ3 ez&m 

[0 0 5 2] 9M&K3 2tt, X^>UXS?©£&«3 7 
±KPPS (#U7iZl/>^7 7-f P) ^©fiftBg? 

T. JE#£3 3tC;tt&b*:g|$#©3££M£3 
y^>^l)IIIUT*«2 8*»J«b. *a^3 5trM 
j£-r*ffl»©£8«3 7£Xy^>:?iOITI$SUT8f 

[0 0 5 3] ±E©»**#-r*i«w^y Him K 

iofi*tf8£SCl 8*»6©e»«^*aJRWCBE*li»?' 

2 urttft-ractTjEmsft^ 2 1 ©jteUHtwrton 

2 l*»SIHP6¥#fclfc#*U SSB2 8*VX^XU 

arts. -7j. ffim««i^2 i*^6*r*t, emu 

-?2 ltt»frHfc**fllfc«*U «ffi:7-f;PA3 8© 



(7) 

3 ®V9ft»JKtt*Mir*-« C tTEEttM 3 3 rt©$#EE 
*CStft;*^A<&ii:30*T?*. ;XWP 1 2j&»5*« 

[0 0 5 4] Jfcfc, iOijMt^y H 1 

II »IWf-i'!(i s t7h^n2.y7H/yX^4 1, 4 
2<fc, ->7M/yX3'4 1, 4 2fc-fey hStlfc««f 
— ^*5y^-r-65y^lHl»4 3, 4 4i. 9»fH* 
10 4 3, 4 4T^>>^£ftfc'*«x-^ : £/i;i'X3S?^- 
^tCffllR-r^7 : =l-^4 5 t, ^-fSVT'fif^UiM 

^•>7^4 7i, EfS»f2 1 »C»f*B»fil^©« 
ttfcMtWSX-f 5»fH»4 8 4, EEtt«K)T2 1i£ 

. [0 0 5 5] ->7M/y7^41, 42H Sl->7h 
l/yT.^4 lRtffg2 ■>7H/y^i'4 2*>&fl|j&3ft 
-5c fit, IBl bl^T.^4 1 fc»4, £T©7X 
;HHP 1 2-fcWT 5Tfit'7 h (£<y hO) ©"Sltx 
20 — **«-fcyhSn, SS2->:7 hl/yX?4 2fctt. £T 
©yX;UHP 1 2-KH?<&±ttfcfy b (fcfyM) © 

[0 0 5 6] vvJ-mSkAZ, 4 411 Jg 17^^0(6 

4 3Rtf?g25-y3 1 lHlSM4fr£raf££*1.2>. ^UT, 
fgl 7->^IhISS4 3ttJBl ->7 hl/vX^4 1 KttJaft 

4 2{Cffi^WtC«^$tlTI/^. tot. ^tie>©7-y 
f@K4 3, 4 A^v^m^XiJ^n^L, 115 
v^mi&A 3Bily7hl/yX^4 1 fC-fe-y h^tlfc 
-R£k*<y KBWH^-^fc^y^U m2?y?-\s\&4 
4HI2 ->7 M-yX^4 2K-t?-y h$tlfc±&t'^ h 

[0 0 5 7] &5>y^lHlS&4 3, 4 4T7^f$nfcifi 
1*7*— ^tt5*3— ^4 5KA7j2*l-5o i©f3-y4 
5«, y^X«^-*£l$#I&<hLT«g«EU 2f7 

^^^T^>. *^^SgTtt, 05^01 2(r^T<t 

iij/^ut. (psi~ps3, ps4~ps6) *^in 

feK»ffl^^±fiE-rS©-C. T3-y4 5li3t'-vh® 
IftW^-^ (0 0) £«iRUT/WXjliRx-* (0 0 

0) ^©j^jg^ifiit-r^iai*^-^ (o 

1) .fcsaiRLT/s^g^x-* (oio) **j«-r 
*. mmiz. tpmomm&mto-rzmtt^-? do) 
^aiRbT/^^a^x-^ (loi) ^^B)cb. 1 
©iKjs^igw-r^'Sitx-^ (id zmmvT/viz 

(111) ^*fi£T-5. 
[0 0 5 8] Uma^yi7 4 611 ^©l'(S|gP 1 9d^© 
(LAT) ^+>^ffi^ (CH) 1:1^ 
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(8) 

13 

ic, 3 h©^;U7.gft^-*£±&fc:-.y h«J0»6JB 

[0 0 5 9] Z.<DWOW>7?4 7 ttffiif ipgglt L 
T«MBU AMMf-^^ (1) ©«fcfctt, 

[0 0 6 0] 7T#JE£*lfc (1) ©/■? 

©7.-f ^^0S§4 8 ©A^ffliJ^«, BlMt*l%£ffi 1 8 
^©igKjff*! (COM) *t^$tlT*30. A-fy^ 
ES&4 8«m*WtC«JE««»^2 nwmsnTu 

(i) T^^wra^ta. ffi»m-^*«ffi«is»^2 1 

— (0) ©JHHH + tt, ^•>73'4 7*^U7'f 

2\<r>nm^ twxm8i. i f—9tfi (o> ©^r^ic* 

[0 0 6 1] *tr. ^oiHffl»*S«K*tt*«flS©« 
[0 0 6 2] SK»fI*tfg£SB 1 8 #5E£-r*«» 30 

t> m i «MHft/tju;* psi, sg 2 mmmm/viz p 

S2, Sg3@*fSigft/'W7.P S 3) ^n?,(?)§ 

^^u/i;pxp s i ~p s 3 zmfemmmz^iki'T 

[0 0 6 3] :nf.©g¥raA^PSl~PS3 

06(c*i-«t-5Jc, znzoWt&mm/vvxp s i~p 

S3fJ, 4^«{iVM^Sft*«&VH£Ta&c?®£iH:ffl 

$-e-^^ss<o-^£jgaT-«fi*±#^-B--5^s^p 

^P2t, ft*«ftVHfr£g&^ftVL£T&£jgET 
tt&£TI$S-t±5i±tl3g3iP3<>:, ft{£tt&VL£flr£ 

i«n«»"raiM8*-;uHB3isP4t. tttfivL^ 

^tr B 1ttfiVMST«&Sr±#$-&S^Ifig^P 5 
T*9, m*^3 3©gffl*^a«SltS5i$-B:4 0 so 



74 

[0 0 6 4] z.nzvw&mmrtfrzp s i-ps3^ 
Ernsts 2 1 tctti&-r-5 1, #@ipig»i/i;u7. p s 1 
~ps 3^tt*&$n-5«icm^a wisng) © 

[oo6 5] mmmmp KDm&izft-oT&nm 

Wi=f- 2 1#*£<JDU8U JE^^3 3«, "fHIttVM 
tcttJST 4 ft V H ICM^-T 4 ft*^ 

£©!*SK#oTJE;/j£3 3Mmi£ 
#SiKS©3 5©^##&#{&iSP3 4?l9t 
EE^3 3^1;: fit AT 3. C©EE?jS3 3©«^tt<»«: 
»3R*-;H*S*P 2©iMf B 1l;loT»^n5. 

HCDJOUBJCfls^ £E**3 3|*i<0*#*«lnBEanT 

sxjimu i 2*»&m*«o«**»ttia*n*. etms 

*P 3t:«»^TiRtt*-;H<K*P4**ft|&$nS© 

2T«HibTti*«#oiS«iii) «. fcfavatmam 
*#DiHU#*^-f 3>^TflSS»*P5«»«l&Sn, S. 
3rt©«#£E*£ffl«-r'<<, EAf3 3^I5IStT 
H«HB"P*WI'r*ct3&«T#, #©i£rK©ttai££;££ 
[0 0 6 6] -€"LT, l"D©*l*««!TrtT?«*6-r** 

**e (4MtM»T«) cR)rr«^j:«<T#«. 

tf. SWMWTrtC^^xf 2IWl;tMPS 2© 
*tfl 5 ng©^?g$:ttm$-fr-5C:tAiT#4o ^fc, 

mmmnTmz^-c^\w^mm/vvxp s itt3 
gip^id/x^T. p s 3 1 zmmmm? 2 1 (c««&-r ^ d 

tT. *fl[ffi«rt(^JA«3 0 n g©igt?K£ti:a52-a-3 

ii/i;ua p s 1 - p s 3 zKmrnm^ 2 1 ic«*&T4 z. 
t-c. m&u%m\zmz.ii4 5 n somm^otm^it^ 

[0 0 6 7] Z.<DWiffi<Dm&Mmt* ±m<Dn)VXM1R 

(0 0 0) ©«^tc«. $iSWl/tMPSil:3tt 

tfrr-ssg 1 1 , % 2 mmmm/viT. p s 2 tc 

nmn>W,2%±mf^T2, RtX, )I3*WBM/^X 
P S 3 3 ^4WPb1T 3 ©HtKC^UTfcT. 

■IvTM&A 8ttOFFttItSn5. ZOtctb. EEtt 
JSlft^ 2 1 (C«§g«P8g»/1Jl,A P S 1 ~ P S 3 

$n/«cti. -tiT. /tj^iRf-i'^ (010) com 

£\Z\t. ^2fB^P B ^T2Ht3^TA-f<y^lElK4 8*i 
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(10 1) «D*&fctt, mi58^WP B 1Tl. ^3 
%±mmT 3 Kfe^TX-f ^^1HK4 8 ^ONt^IiS 

FFttSgt&S. Z.(Dtztb. JE«S»^ 2 1 CIJ^IS 
*Pffi»AJU7. P S 1 <hfg 3SqSKtbA°^7, P S 3 tf>m 

^sns. i^taa-, A-;u7>a«^-^^ (ill) ©« 

t>\Z\t, m 1 fS£$l?l3T 1 ~fg 3 fg^WfiflT 3 ©#1^ 
tC^liTT.-f ^^lHlgS4 8^ON^i^c0, JEE«t5«J 

^ 2 1 izit&mmmmvix p s 1 ~ p s 3 ^«i££ft 

[0 0 6 8] i'5T, ^<DacD^ffl^gatC43^T 

mtfm&iZ£r>T&t>2>. 
[0 0 6 9] «Atf, £©jHffl^gfiTl±ai2-a-'5}l£ 

[0070] mrz, 7j )i>?gLmmm<Dm&. e*t£»t 

[0 0 7 1] >^«©*£\ n-^-Y 

>^e©IS*-j&^-{r^-5 <t o izWimootmgiftZfetF) 
SiMW**. £©n~7V >^S1I:«ht, 

mu>x<D&m$mmMT"$>r), z.<Dm^m\zu-^ 

9, A7f©Kit^-3Tl*5. il©fcs£>, 3— x-r 
>^S«lC*tiT«, gftpJltgftlg»i©SSB^Jtt5EW/£ 
^JtlJWiBljiTfcoT, J.^>, IE«ftfcl;<Di&?ig£ld:aS$ 

[0072] £A±<D^ic#gu, #njg^8g-ete. ±te 

7 frzvmffm&m mmizm-3^T&wimmmsvi>7> p 
s i~ps 3<Dmte&vtzmm-rz>. wt>. m&m^fH 



(9) 

16 

» : 5 t 2 l^Ottl&KTff^. &«S©igSiMttt©I«llE-S>«& 
'h&ttffi»©sigte&i*Jim©^TfToTl>.5. Ctt 

tt*©»*iaj±a*Bin, zzizmttft&nmmitbmn 

5. BIT, 9fc«t*jS»»«©WlEt:-3«r»T 
[0073] 0 7ICl^T, sguPKis/wx 

p s 1 ~ p s 3 oymmms. («k^*«tvH^e,fkfi«ffi 

[0 0 7 4] "T. H7tt. laiE^ilim 
©tfcffl«rtt©*ft;T*»), (a) «KiftttflESr^fb$-a- 
&IR©*»©JRffa*©aMb*jKU (b) telEiSttlE 

(P1-P5) ©l*|R|*ttfc*.-*\ l^tfiVH^fl 

s&, «fm«fivMttK»«BEk:»*:a-a-TaE3E 

Lfc. £fc, 0 7 (a) fciH»T. JRUti«ftL^3lQI«< 

(*-r >mffi\ztfmisTmff-rzmffi) s*-r. 

[0 0 7 5] r©H7*»6JM*«t'5fc. ig«J«ffi©;*:# 
St, ttiK©JI*fTa*Xtf«*£tt, Sl»fciEtt« (« 

EE#2 0V©»^, >W >Ky h©JRfri8*tt»3in/ 
30 sT*t). M»tefcj9 ngl'JS. ffi»«lE55t2 
9V©S^ ^fraS«*5 7m/sTSD, lia^l 
5. 5ngTafeS. K»«EEj&«3 5V©»d. 

JRff lOm/sfgf), 2 0. 5 n g 

[0 0 7 6] itlB, mmW.l£<DMmz<i:K)fZ.J]§.3 3 

10 Sfe, ttffi£*P3©l$M«tta£fc>SfcW!> 

KS-rst, *3S^ftJRISNft©$«ll3&<SSpl^«tOt) 

©iTO<4oT, ttHiaa**SS. *&, JE*^3 
3©iRi8S^S ; fe<g<^S©T, «JK©fi5ffjiS i b®<^ 

[0 0 7 7] 07 (a) Sl5t, |g»SJBE#2 
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[0078] z.nbWTV'i hmm^.n^2^7-y^ 
vm.m<Dmnmmt, 07 (a) ©sussM-m. mm 

85m/sTibD- IltE5 2 9V, 32V^IS^-T 
5i|fI4m/sT^. S^K. IMSttJEE£3 5 VlCgg 

T«. IKK)m£ES:3 2 V, 3 5 V KtS^Lfcif^K*^ 
TB§^L-<, ftn*>3$4m/sTc&5. 
[0 0 7 9] £U:^s>, ffiW«JE©^»C«J:i9, ttffi-T 

z>mffi<DmfTmg.tmmzmmizm%L-vzz> z. ttm 

[0 0 8 0] S-gipigtfr/'WT. P S l~PS3ffl 

*mnfcvMtmffio)ttih#&}i<DMmz^>^Tmw-? 

[0 0 8 1] ±fBbit«fc3t£, Iffl^KlfVMIl EE 

M3 3 0tt§a<£itnt©t*5. tux, ± 
m<Dj£nmW)i-2 na, «&©±# os«) ic#otjr 

88U-a££g3 3£Kffi£-g\ «&roTI$ (»«) 
oT#fttTJE*^3 3£JRi8S£-£5CDT\ S*P<fc 0 

(mm<z)*mn®:vM\zttfc-fz>!£tim3 3<d§«) «t 

[0082] z.z.-c. fmm&vMfziiz&w.vfc.m'Bt 
T^ut^-s. z\<DTztb, ^m&vu^mm^^h^ 

v h $ t <Dm&m tf&mo * mm®, v m \z tss 

5 3 3 ft KgiEA-f 3>£#©»#g*P<DMJ: 0 

fc#<&9, l^fW»^«fc9&4>&^<>:#a»&^3 5 
^e»IE^^3 3rtK^AT5i&#©Matg*p»<fc9 ! fe'> 

[0 0 8 3] *&, *rattftVMfctt££jgL*H!§&l;: 

a. K^gup i<Dmm$8 mt&mm) titntevM 
&vMz&<wfe-tz>t, &wmmp i&i£nmm?2 

X*<fc9fc<t>F B '1tt<£VM£«<Kjrt5 
£. ff;>j£3 3<D^3IjIgteiI<&5. 
[0 0 8 4] £E*^3 3 (Dfl^5Sfttt. B0!IS^P1»« 



(10) 

/<? 

&itgHC:fctt5EE;*j£3 3fi!<Dm#l£tl\ZBW$:%.li 

<&9, £E^3^3 3ft<DWift<DK.j]Mm\$'l^i<\ K*f 
Tffi^J^3 3|*3(7)^EE^«A#<(ST-r-5©T, 

©«a*#*<£3£#k*a»«jW8<&o, ee*s 

3 3fa(Dm#<Dl£tiW.W]rf};£<t£%o dcDJEE^ffilb^ 
io IEffiK&3^5>^K£fcttTttffigIiiP 3£&ii&L. 
TEE*J^3 3 tttBS*P3©«(fciS*> 

[0 0 8 5] wr, mnmm\t. ^wimvl 

©fi*«, •pw*ttvM©iEfl:K»-r*ag<b*«it«M/h 

S^P3CD*&M) , IP*, £E*^3 3<DiRi^»(Ccfco 

r^^ns ens, fcx. ±se©ffi»« 

[0 0 8 6] «A.tf, »E*0*ffa**7m/sK:a9!Jt 

08 (a) fC*i-J:5lC^S. d©08 (a) J: 
0, IHiEt3 1. SVCtWiffiVMSIWEO 
2 0% (O*0, ifitttVL*>66. 3VigU«(4) 
CW^nRjetSt. *91 6. 5 n g«Dttj»SttttiT? 
**Jli:*««*. ^I6*)E<&2 9. 7Vtc4"ra« 

so (&VMSrlK«i«ffi04 0%t-€-n-?nS5t-T-5i, *«J1 

5. 3 ngvmffi&atm-cgzzttfmz. zziz* m 

111*2 8. 0VIC>p|BI«fiVMtB»«£EO6 0% 

K-tn-fn«jer*t. »i 3. 6ng<Djgjg*n±aiT 

[0 0 8 7] Bitp«EEtflHI«ffl:VMt*aaK 

[0 0 8 8] MAtf. atJSOmSS 1 5 n g tCSS^-T^ 

40 mt. 0 8 (b) (c^-T <fc o \zfs.%. d(O0 8 (b) J: 
0, K»«EE*2 9. 2Vlc>t>KI«ffiVM«KlbfiU£0[) 
2 0% ("3*0. ifttfiVL*»6 5. 9ViSli«fi) 

K-t*n?n««r*t, ««ojitfia***si6. im/ 
vK4«iwfiffivM*wft«£E«o4 oxic-tn-^nK^-r 

t*^J-5. iMottEE£3 0. 6VJC(frp1«fiV 

M^KEbmffio 6 osg iz-tn^nmm-r ^jBofn 

so [0 0 8 9] »S9BnytJP7. PS1~PS3® 
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[0090] z<D&mmmp i ©»*«««. je*jS3 3 
©£*#«*» &«*«M»^©*»j^£Sijrr a. 

T. ffi*5IgfitP ioRflW«k:«ito6-r, !153IgiSiPi© 

[oo9i] zm&mmmnmwz. mmmmp i <om 
^m.mznn^ts^.3 3ft©?£#jE;&K:iJS£&« 

*Slr»TEEa*3 3rt©^<*JE*«^#<<STLTJE^ffi 
»#*£<&D, ^#©/E^^3 3rt^©oSAii«feii 

{C-&t)-eTttmS^P 3 £ttii&LTJE*S 3 3 £JR«§3 
[0 0 9 2] 6*. Cl©»£l;::fc^Tfc4'l?a«&VM© 

mfrmmizmmmmp 1 ©P*ra*©iwt 
mp 1 ©wnu*©*ftK«r««flsJi*«Jt«W/hs^. 

«oT. ±f2©fg®jS]I£!i*3IgiSf P 1 ®IM0M£tti 
Sttjrr<&£ifcJ:0, **©»ffa«£-j£fc«-&r> ?o 

[0 0 9 3] «AH *W©»friiK* 7 m/ s KRjg 

-r-st, mmnfcRzf®m&mp 1 ©n#r B iits<hjK?g©ft 

St©H«tt» 09 (a) K^-f <fc51Cfr-5. C©09 

(a) i0< I11E42 7. 4VtC»®W^P 1 ©B# 

MH&2. 5-7-fi7D# (us) t-en-ensjt-r* 

t, 1515. 3 ng©*ifJ*ifcffiT*5 * 

&, ssi&mffiS: 29.5 vfc«s»B*p 1 ©i$me& 

3. 5 At s tC-€-n-?nS^-TSi. *51 6. 0ng©?£ 
»*ttfflT#SClt*«*l*. e»«ES2 5. 40 

0 vtc^sg^p 1 ©i«me« 6 . 5 u s t-tn-fntt 
jrrat. mil. 8ng©«wfcttiiiT**;:£j&«pj 

[0094] sfc, mmmmtm^mp lammmt. 

t3. S£i8©Jffi?TJ§g£&A5££ ! t>T?€r-5. 
[0 0 9 5] WAtf , &?g©fift£ 1 5 n g £R£T« 
ffiift«JEERtXl^31S*P l©l«IHHBt«*©JRffai 
ft&<DNfftt. 09 (b) \ZiHT £5 tztt*. d©09 

(b) «kQ, ffii&ttBE£2 6. 8 VlcBSSSP 1 ©15 so 
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mes 2 . 5ms t-en-en^-rsi, wmvimm. 

g£ij$6. 7m/s ICRJTC**:: SB 
»«1E£2 7. 8VlCjB9K*P l©ftfflM&3. 5 m 

s \z*n?nwifeTz>t, mffi<Dmnmm$:M6. 3 m 
/sKiKjtT**^^***]*. sstc, mmms.^3 
i. 7 vt^as^p i©^ra*i^6. SMsir^-n-?-* 
nis^-rs.!:, wtffi<Dmftm&&$) i o. sm/stcR 

[0 0 9 6] *IC, &g2pSg»)A°JU7.PS 1~PS3© 
«W*-;H*K*P2©I$|«« (Pwhl) £&?«©«: 
&ft&£<DM&iz~D^TmWTZ>. 

[0 0 9 7] H©Ka*-;kKK*P 2©Wr|BHitt, tt 
HjgSiiP 3©«*SP§#i*-f S>^, EM3 3 

©JR^W^^-1' = >^*««-r-5. d©JE^3 3©iR 

©astc^s^x^r. una, usibssip i icjc^t 

ja®^tlfcBE^ffii!)©fi:ffltia:m^P 3 JC«t oT®ig 
$n«)ffi^igi&©fi:ffi©Stci£;i;T, &j$.i£ptfmt? 

[0 0 9 8] gp-e-. ^«W*P l©tt«St'«toT)I^^ 
3 3tf&mT2>£* -©^?8(C#oTJE*S3 3rt(C« 

*#IEffiK:fc**-f 5 >^tC^-frXBE^£3 3 ©©«§ 

ft<Dm#-K.mmmiz£t.z>$>-i s. >if\z^t>^xs.ts^. 

©MfcHU d©fi»«,' W!g*-;H-*g«P 2<DP# 
lr>. ifttt. ±E©#4r-Xi:ra*T*»5, ^jg©Ma 

[0 0 9 9] uOitS, H 1 0 CI^TRSt*. 

ccit, slot! »a*-;wK»*P2©«pm«sw 
8ufc«^©i±ai*tt©aefl:T*o. (a) tt&m«& 

cne>©0»r*3l>T. *i»ttffi«l«EESr 2 o vizm 
Sl/t«^©»ttT*0. — jdMRMtdJEMttJ£« 2 3 V 
lCt££Lfc«£©#ttT&9, ^ttffi»«JE^2 6V 

»*-JH«K*P 2^©#iSEJgg^©WW<i(iSipffl 
[0 10 0] 010 (a) ^e.*i]^«J;plC. 

hr*p 2©i^raiiit«fg©fiifi : MS<!:«. ^©aajttg 
a. **©»fra«tta<fc*. sgw«ffi*2 
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2 At S \ZWife-?Z>£mftmg.te®6. 5m/si/i0. 

mm. e»«ffi*2 3VKRjeufc»£Ktt, 
-;uhs*p 2©«riai«*2 /£ s izmfe-tztrn'trmm 

\t®8. 7m/s tfcO. tt|IMB&3 u s fc»Jfe"T*t 
2 6VKRjeUfc»£k:tt» »«#-JPF»*P2©l& 

mo.* 2ns izwut-rztmnmmt® i o . 7m/s 

[0101] -fLT, 010 (b) *^fiJ^J:5tC. £ 
«*-;WHS*P2©i$W«£ttW©Mfc*fc, :® 
WMBBfcfcMT. »H*-;UHK*P 2©l$IBI«*«fi 
<&3g, 8tfl5©Mtt«4>-f5 <o*D, ffiffi©etffl 

s*t«/j>-rs) . iitE^2 o vkrsl*: 
*H#-;pFR*P2©ism«s2tf sicswrr 

* ^ffiM<!>XS»» 1 1 . 5ngtfct). WHW««r3/i 
s lcR3£T -5 1 mtkitm 1 0 . 5ngtS5. ffi 

*OttfflI*«*i4) . IB!&fIflE£2 3 VKR 

s fcttJTT* 1 3 . 2ng£&D. s# 

ms& 3(js Kisjrr 5 <ta»«i& 12. ingts 

•5. ffi»j«EE£2 6 VtcRSLfcif^lCtt. * 

»*-;WHS*P 2©WMBHB&2 At s fcRfcTStJUfr 
lSliM©HB»15. OngtftO. &IHHI&3 
Usl:8tntIiBl3. 8ngtS5. 
[0 10 2] f LT. H©*§£k:i5UTt), K»«J£<h 
*38*-;UHS*P 2©«HB«t*a3l:K^"r*^tC so 

[0103] «*tf . «}B©?ISfT>§K£ 7 m/ s ICR^ 

i£?g©a»<i:©M&te. 011 (a) \Z^tJz^\ZU 
-5c -©0 1 1 (a) «fcD> IS»J«ffiS:2 0. 5 V\Z& 
»*-;PKS*P 2©P#p B 1*i£2. OV-f^oU* (m 
s) 'K-tn-^nKJt-TSi:, »1 l. 8ng©j£?ig£qt 
ffi?g«;i£ftftN£. Kift®ffi£2 6. 2V(cK 

3B*-;i/ KK*P 2 ©I5MM& 3 . Oms t^n^S 40 
j£T*i. *J1 3. 8ng©««SRtlHT**Ct*«W 
«. SSlC. Iltffii&2 9. 8Vt«5»*-;PKfi* 

p 2 ©ftpm* 3 . 5 At s ic-tn-enRjrr* t, & 1 

5. 9 n gOttMSUfctBTtrSJLiJ&eRlS. 
[0 10 4] Sfcfc, SI6«JEt)i»3g*-JUHS*P2© 

[0105] « . mmn&mz 1 5 n g icR^r 3 

t, Bi&ttJE&tfK*3i*-;i/ KKSP 2 OIVIRM&ttil 
©fRfriig £©!»&«:, 011 (b) fc*-r*5fcft so 
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5. £©01 1 (b) ffl!&l|JE£2 6. 2VtCffi5 

5is^p i ©p#ra*s& 2 . o At s K-tn-^nRjrrs 

t, ^fS©^fT3lSSr*5 10. 8m/s t;iR5£T#-5 d- 

tufinz. BKaiE^2 8. ovtci^as^pi 
©i#n«*3. o At s te-tn-enRjrrst. 

f?)iS£#<J8. 0m/s £R£T**i: $ 6 

fc. I»Sff^2 8. 0 VKfcKBJfcP 1©I9MI£ 

3 . 5 At s \z*n*nm&~r% t . **©jnfr 

6. 3m/s £R&TS«£&jWIS. 

[0 10 6] d©J:3tC. SSWi/WXPSl~P 

l*PML Rtf. B«*-^KS*P2©ISW*fcjftgHft 
Srr*£ifcJ:tK ttffi©fltfnIft-t>SSeMfp-r«c 

t*tT*%. fct, &tt©&ft*«#«Jg©iBc#Tfc 

[0107] -fix, ^msu 9 wi&mm^m) 
ss*tuffi 3*>&©a*«**»fTS**tH«i 

S 1~PS 3©B»«JE^SrSfl:PS-r-5. £©*§£. 
2£$iJ*apHI$ l 9 «. sr. S?i6fogf»A;^^ff 

nmw}?2 ltzm&LTmmzattiiimzo am 
m»S'j^4S;^a»»mgi5i 3 (M^a* 

[0 10 8] »fT»***£**«*£SBl#LfcfcS 
«. ^«0PgBl9«, 1*^A*g6 7*^A*$tlfc^jg 

©fnf?iiss^a»© B^ttt, 3f»bfcfnffjsa«$s 

X©^»«SE, ■PfltfiVM, VSR*Pl<OI»m«. 

s.^. »»*-;i'HR*P2©i*m«*Rjer*. 

[0 10 9] ;i©R£(CMLT««*©:£j£££g5;ii 
*«Ttr*. ^<IA«. mfTjSS©MSt;a»©Si. KM 

^bbT^$iJffllgPl 9©ROMtr^-*fB1S$-&. iS©^l 

swew/i^^ceftmEE^+nmiflcvM^feRsEr 
sct^Tts. s«Pffi«iA;p^©Ki&fisE^>'p 

[0 110] tLT. **Jfi»«T»i. S«P^©K») 

»*SiSrsSi^T*-5©T, <Mtt©JI&£**&fttt 
5:«fflUTfe. -t©ttff©«ttCiibfc«»tClMET# 

[0 111] ^©.fcplCLT. Bgffl©«fr^SRtXa 
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[0 112] tZ\ZT\ |g»j«^£SBl 8frt>m±-r 

zmmmnn, ±.mommmmmmzmiz.-znti.iK m 

vat, z\<d-?-( z ummm^zm^fzMffl^z-^ 
[oi 13] 012H v-t ? ammmnzmwrzm 

©v-f Z>ummi\)V7, (111 v-f i?Dlii;t;i/XPS 

P S 4 ~P S 6 5rR)T^raH«{^^bTV^„ 
[0 114] in?,©'7-f^Dll/1MPS4~PS 
6tt, *^^CD^2Ki!)n;U7.<D— itfeO, Wnfel^ 20 

c&MMVt<o;-vixmmzj:^Tmi&2t\T^?>. m 

m 1 3izm-t&o\z. z\n<b<D-?-i pumm^jiTs 
PS4-PS6U. triitvM^e.i^ifivHjT 

It, «^«fiVH*ffi<@B#W«^T^^2l»a^- 

;uHS^Pi2t, m±m&vHfrt>B±tiimiiLVF£T' 
,%£iETit&^Ti^$-a-^^2ttai^p nt, qtm 

«&V F £ffi< ^»#P B 1(Ci:-3Tffi^F-r^ld:!ij3f:-;U Kg 
$P14t, l±m«&VF^£»*<£mftVL£T-!62ia: 
ttlgSiS P 1 3 J: D fe^jS^iUETSS^TI^^-a-SiR so 
^©JSg^P 1 5i. «<£«ftVL£ffi£lfi!rr.m;:i:oT 
«J$-r^^fi*-JUh'g*P 1 6i. ifif&VL*6 

* v m * mm^^m-vma z ±# s -e- 

3IU3iSi!lJIMiSiP 1 7 i;£-£AyT^-5 0 
[0 1 15] 01 3tC^bfcV-r^D^i!)/t;U 

7>PS4~PS6tCi3ViT, B&ftm&mP 1 7(£fg2 

SiS*0-iTabf), )l*^3 3<D^«^^«ffiic 

tg^Sit-S. + P B 1tt{4VMte|g»j«<£CQ2 0%(C 

isitjd, i±aifnavF«igi!j«ffi©4 o%\zm%. 

IT*5. lot, ^tt®IC*HTflE*S3 3«JtlJ « 

(^$9, ot&mmp scom&mTm&iz&vzK. 
[oi 16] une>©-7-< ^ dii/^u p s 4 ~ p s 
t. ps 4~p s efim&znzmzffifem. m^ts. 

5ng) OffirSTiVX^HP 1 2*^Rtm$n-5. 
[0 117] fiP*>, m2B&m%P 1 KOiftSSICttoT 

tl^.3 3<H(C*#<3l#&tJ. fLT, Ig2tti3g*-;U so 
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Hg^p 1 2^s<^i^ratci:^Ttt^$n^>t, 3I£ 

nr. je^^3 3««^«^e,iim^«ST^s((citx 
ag-rs. :ott, ttftXfaizfaVT&mzw&vtz* 

3. ^2Rtffig^P 1 3©&*S«, ttffiTh-^H^P 

1 4 twmmwmp i 5 «h^Ms^«$&$n^« 

fiSIP 1 5te, ttaig*t;^*>J^« STEEDS 3 3 

ag$fJfig*P 1 5^^T$ija*-;UHS#P 1 6 Am 
^$tl-5CDTJE^^3 3©iRi^^ti*Ht$n, ^-x 
*X<DMmZH?>mV'&Z>?-( 5 >^TK3S©JffiS^P 

©i-r < . m#*3 3*^s^**Ti^3i^»-r-5. 

[0 1 1 8] £»V-f S'aigfMl^KiS^T*), IOC 
-C#-5„ i«W^^TrttC*3^T^2- : ?'f i7Dl 

p s 5 <D&&i£mMW>? 2 i c:#y&-r-5 ~ t 

X\ m&mi$,fillzMx.tf 5. 5 n gO^^Ptm^^S 
^i^T^S. Sfc. SMlfflTi*3i;fcHT^l7^ ? 
um.W)rt)VX P S 4 3 T-f i7 a^i(j/t;i/7. PS6t 
2 ltcMn^tT, ¥{fcffi«(*lfC0J*. 
«1 1 n g©f£S£ttai£-&3C:<i#T££. ££(::, 
>S#tJi$T|*3(;:*5^T#-?-r Z Dlf)/i;l/XP S 4~P 

s 6 ttwsm^f- 2 i ic#i£-r-5 riT, *tMftM«rt(£ 
^JA«16. 5 n gcO^^rPtttS^-B-SClt^T^-S). 

[0119] ^o«rgc9Wlt$'JW : fe> ±BLfc/w*a 

[0 12 0] -?-LT, ±$ilffllgi5l 9 mMffl&^&) 

it. mffi<Dmfrmm j $>mm* j t(Dtitmm&\z3>>t> j &Tm 

Mitf^K. #-7-f ^umW}/^)lXP S 4~P S 6 (CO 
^Tfci£^J§m£Dlg-r5„ Z\<D^^?nmW}rt)VXP 
S4~PS6\Z-D\,*T<DfoBl&Vl<DMmt. RlbttE. 

fPpim&vivL so;. RttB«&vF (o*t), m2ittm 

S^P 1 3(D*l^«fe) ©3«SfC-3ViTfTt)n^)c « 
T, ±*J?9gei 9{cj;Sg[^^©PSto^Titt^-r 
-5. 

[0121] *-r, m i 4 {cSo*^t. fj amm 

rt)V7, P S 4~P S 6 ORW)«JEt®jBcDttm#ttt(D 

[0 12 2] Cit, 014(1 M«EE*iHSb^« 
^(75qtai#tt(7)^bT*0, (a) «K»l|JE^^k$ 
■ti-fc^cD^jB©mfTj^g0^ft^*L. (b) «K»J« 

ttmtz j £tzn<D®.m(»mm(Dmt*7K-?. b 

14 (a) (Ci5I^T, H^l$f=tb^i®*t/^>^}g^ 
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To 

[0 12 3] £©01 4frt>m%£o\Z, ffiltE©* 

v. mffi<Dmm%mz.z>o mmm&^i sv® 

i§£. ^-f>j^rS©^ffjiS«^4m/s-C$.0, Sft 
«*54. 4ngT*5. IE»)ttEE#2 4 V©i§ 

^frjis«*>]9. om/sTibf). mmitme. 8 

ngT$5. ££>lC. Iilffi*!3 3VO^, M'trM 
mitfal 6m/s-Ca&0, mftteiftl 0. 2ngT& 

[0124] £tl«, ±BUfc«UWB»/'W;* P S 1 ~ 
PS3<hl^i;aS, IPt3, ffi»i«JEE©ii«f;:«koT, JI 
*J^3 3 £^T©^«©^fc*8tf^fro 

[0 12 5] 014 (a) Jl^t, 

1 8V©#liT?&f8«:> t-OWiffit-V-T?* hWiffit 

hMiS^m^TS. £®v^^pfgi!)/i;i/7 > PS4~ 

lZ&t>t>-fm-l£<Dmft&g. (6~7m/s) 

[0126] «±*^, i©Y-f i/nK»A;i/X{c*ii 

Tfc, B»«ffi©M:5£fcJ:D. qtffiT<5?8tfg©^fT MS 
<tfift£l^llft;Ut«T*£-2> £ £ 
[0 12 7] #tC, #"7-f 2mB»yW*PS4~PS 

[0 128] ICV'fi'nIl/^PS4~PS6l: 

tot. 4 , ra«{4VM«^Mi:J:D. jfe**8W» 

^MTtSutt. ^2Biffig*Pl 
#3*z:;*;fr7>©JE;frg3 3<BK©3l€rjAc£.»£f§:5£T 
§5. ^2B^5iS^Pl l©fiHW«*«-J&T»* 

©T, ^aftO^HJCJ:oT^^X*7.©EE7J^3 3fl 

[0 12 9] *:iX#X©3l£>i^ft£3l£>i*jIg 

* - 7. * * ® 3 1 # & ft i> » <t <t u t nt m s tl -5 

?&#©*#'>£< ft 9. 3l§&<*.fta*4>&U£}£iS<!:b 
Tttffi2tt5il£#©ft#£<:&3. ^-x^t.© 

tp-kSB#©&S»£gt>Sl;<&tK Jg^©filfTaS^iS< 
— *x*#*©3l#&^gaMg;^<!:^©K 



(14) 

[0 13 0] iif^T, ±fe©ffilb«JIi:' : t J F B 1*&VMi 

too, «rg©aft<&^A^£<?:*iT^^. 

[0 13 1] «*©»ffa«*7m/sfcK3g 
f^t, ffil6«JE2aOf4'ra«&VMi}SJS©fiftt©8l 
015 (a) lZ7ji-?£o\Zl3.Z>. £©015 

(a) ±9, K»ttEE£19. 5 V»CtpF«fl«&VM£l8 

mmm<Do% oso, afiitftvLtijgitft) 

10 ^n»«-T*t, *«J5. 6 n g©i£r&£ttfflT#5££ 
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